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The number of cases of meningococcus endocarditis reported in 
the literature is still so small that the meningococcus may be re- 
garded as one of the rarest organisms producing lesions of the endo- 
cardium. In more than half of these cases the endocarditis has oc- 
curred merely as a complication of meningitis. However, there are 
rare instances of the meningococcus gaining entrance to the blood 
stream and involving the endocardium and other structures, leaving 
the meninges unaffected throughout the course of the illness. The 
accuracy of the diagnosis of a few of these cases may be questioned 
because in some the autopsy report is incomplete, and in others 
there is insufficient bacteriologic evidence. 


REVIEW OF LITERATURE 


The first case of meningitis in which the meningococcus was 
isolated from the blood stream was briefly reported by Osler? in 
1898; and, with regard to the autopsy and bacteriologic findings, 
was more fully described by Gwyn? one year later. The bacteriologic 
diagnosis was based purely on the morphologic and cultural char- 
acteristics of the organism. 

We have been able to find but two cases in the literature of “ite. 
carditis associated with a meningococcus septicemia in which the 
existence of meningitis can be definitely excluded. The first of these 
was reported by Cecil and Soper.** The patient, a male, 31 years 
of age, entered the hospital complaining of sore throat, feverishness 


* Received for publication March 20, 1929. 
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and tenderness of the wrist and elbow of two weeks duration. Phy- 
sical examination revealed an acute polyarthritis involving the 
joints of ankles and fingers, and a presystolic and systolic murmur 
at the apex. The provisional diagnosis was rheumatic fever and en- 
docarditis. A gram negative diplococcus in pure culture was isolated 
from the blood, but there was no evidence of meningitis and the 
spinal fluid was normal. Pyrexia increased and the patient became 
delirious and died on the tenth day of observation. At the autopsy a 
soft cauliflower vegetation was found on the anterior curtain of the 
mitral valve. The spleen was large and contained an infarct. The 
brain, meninges and prostate were grossly and microscopically nega- 
tive, and smears and cultures from the latter organ showed no gono- 
cocci. Gram negative intracellular diplococci were seen in smears 
and sections from the vegetations. The organism isolated from the 
blood stream resembled the meningococcus in morphology, cultural 
characteristics and fermentation reactions, and was feebly agglu- 
tinated by antimeningococcus serum. 

In the second case, which was reported by Worster-Drought and 
Kennedy,°* the clinical course ran over six weeks duration yet no 
signs of meningitis were present at any stage of the disease. The 
patient, a male aged 37, entered the hospital with the diagnosis of 
influenza. The temperature was 104° F yet there were no definite 
physical signs. After returning to normal for a few days the tempera- 
ture gradually rose to 105° F. In the second week of observation 
mitral and aortic murmurs were heard; cyanosis and dyspnoea in- 
creased, and in the last weeks, the heart enlarged and the lower ex- 
tremities became edematous. A gram negative diplococcus isolated 
from the blood culture in the second week was agglutinated by Gor- 
don’s Type II monovalent antimeningococcus serum, but not by the 
other three types. At autopsy, the brain and meninges were normal. 
The heart was enlarged, soft and dilated. A fairly tough massive 
fibrinous vegetation projected into the ventricle from one of the 
cusps of the aortic valve. The spleen contained infarcts and the 
kidneys were enlarged. 

There are two other cases reported of meningococcus endocarditis 
without clinical signs of meningitis, one by Warfield and Walker ® 
and the other by Rhoads.’ In neither of these did the autopsy in- 
clude an examination of the brain, hence the existence of a meningitis 
cannot be positively excluded. 
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In the case reported by Warfield and Walker, death occurred five 

weeks after the onset of symptoms. One week before admission the 
patient became delirious and developed an herpetic eruption; while 
under observation there was a high intermittent temperature and 
a gram negative diplococcus in pure culture was isolated from the 
blood culture. In the fourth week of the disease a blowing systolic 
murmur appeared and a few days later the patient died without ever 
showing signs of meningitis. At autopsy a large gray and red fun- 
gating vegetation firmly attached to the mitral valve, projected into 
the left auricle, while both the spleen and kidneys contained in- 
farcts. The bacteriologic diagnosis of meningococcus was based 
simply on the morphology and cultural characteristics of the 
organism. 

In the case reported by Rhoads, the patient, a male negro 21 years 
of age, died in the third week of his illness. Two weeks before ad- 
mission to the hospital the patient experienced some dyspnoea, 
palpitation and attacks of precordial pain. Physical examination 
revealed a diastolic murmur over the aortic area and a loud blowing 
systolic murmur at the apex. The clinical diagnosis was acute endo- 
carditis with aortic regurgitation. Death followed on the third day 
after admission without signs of meningitis. At autopsy a smooth, 
purple, friable vegetation filled a ragged perforation extending 
through the interventricular septum and involved both the tri- 
cuspid and aortic valves. Both kidneys contained infarcts. Smears 
and sections of the vegetations revealed gram negative diplococci. 
The diagnosis of meningococcus was based on the morphology of the 
organism and its colonies, and on agglutination, precipitation, and 
complement fixation tests. 

The four preceding cases are grouped together as having two 
characteristics in common, first the presence of endocarditis caused 
by the meningococcus and secondly the absence of any signs or 
symptoms to suggest a pathologic lesion of the meninges. 

In a case reported by Finley and Rhea,* meningitis occurred as a 
late complication. The patient was a male 47 years of age whose 
ilJness began three weeks before admission with articular manifesta- 
tions and attacks of precordial pain with some dyspnoea, cough, 
chills and sweats. On entrance to the hospital, the heart was dilated 
and there was a soft systolic murmur at the apex. After being under 
observation for one week the temperature rose from 101° to 103° F, 


Hl 
| 
it 
} 
if 
ij 
if 
if 
4 


200 MACMAHON AND BURKHARDT 


the patient became dull and soporose and a hemorrhagic eruption 
appeared over the abdomen. At this time a positive Kernig sign was 
elicited, and smears of the spinal fluid showed gram negative intra- 
cellular diplococci. A similar organism was recovered from both the 
spinal fluid and blood. The patient died in the fifth week after the 
onset of symptoms. The autopsy showed a wide row of slightly 
pedunculated cauliflower vegetations along the mitral and aortic 
valves, and a yellow fibrinopurulent exudate at the base of the brain. 
In this case there is no report of the microscopic findings and the 
bacteriologic diagnosis of meningococcus is based on the morphology 
and cultural characteristics alone. 

As pointed out earlier, meningococcus endocarditis is found 
slightly more commonly as a complication of epidemic meningitis, 
and the following cases are examples of this condition. 

Weischselbaum and Ghon ® reported a case of meningococcus 
meningitis in a child nine weeks old who died after an illness lasting 
five weeks. At the autopsy, in addition to the meningitis, fresh vege- 
tations were found on the mitral valve. No details of the bacteriol- 
ogy in this case were given. 

Westenhoeffer '° reported two fatal cases; the first was a child who 
died after three weeks illness, and the second was a woman, 21 years 
of age, who lived only five days after the onset of symptoms. Au- 
topsies were performed on both of these, and in each case showed 
suppurative meningitis and acute endocarditis of the mitral valve. 

Markarell," during an epidemic in 1915, had two cases at one time 
on the same ward. The first was a boy 19 years of age who was ad- 
mitted with the diagnosis of meningitis. After treatment, this soon 
cleared up and the spinal fluid became sterile. Subsequently a loud 
systolic murmur was heard and a blood culture taken at this time 
showed gram negative diplococci. The condition of the patient 
gradually grew worse and death occurred twelve weeks after admis- 
sion. At autopsy a very large friable vegetation was found on the 
mitral valve, while the brain and meninges were normal. The second 
case reported by Markarell was a man, 53 years of age, who lived 
sixteen weeks after the onset of his symptoms and meningococci were 
obtained from the spinal fluid during his illness. At the autopsy the 
spinal fluid was turbid and the meninges thickened, but in addition 
there was a large vegetation on the mitral valve, which almost oc- 
cluded the orifice. No murmurs had been heard because of em- 
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physema and consequently the endocarditis had not been diagnosed 
clinically. 

The two remaining cases of endocarditis complicating epidemic 
meningitis were reported by Fairley and Stewart.” A postmortem 
examination of the first showed an acute meningitis and an acute 
endocarditis with fresh vegetations on both mitral and aortic valves. 
Similarly in the second, there was, in addition to the meningitis, an 
acute endocarditis but in this case the lesion was confined to the 
mitral valve. 

In almost all of these cases of acute endocarditis complicating 
meningitis the bacteriologic diagnosis of meningococcus endocarditis 
has been based simply on the morphology of the organisms seen in 
the spinal fluid. Probably this was sufficient because the identity of 
an organism is so often revealed by the part of body from which it is 
isolated, and yet there are exceptions in the literature bearing on this 
point that are of sufficient interest to warrant mentioning. 

Bieck * on questionable evidence reported a case of gonococcus 
meningitis in a patient who had had a chronic urethritis for a year 
and who died six days after an acute exacerbation of the local con- 
dition. Autopsy revealed a patchy meningitis, while examination 
of the exudate showed numerous gram negative diplococci. 

Teacher and Kennedy “ had a case of micrococcus flavus meningi- 
tis following a severe head injury without rupture of the dura; this 
is of interest because the organism is often regarded as a harmless 
saprophyte. 

Lastly, a case of meningococcus conjunctivitis of a fulminating 
character in which no general infection occurred, was reported by 
Ker and Douglas.’® 


REporT OF CASE 


Clinical History: D. J. (B. C. H. 572665), a white American housewife, 28 
years of age, was referred into the hospital on Oct. 30, 1928 because of malaise, 
weakness and shortness of breath. 

Present Illness: The patient was in moderately good health until three 
months ago when she had an abscessed tooth extracted. Very soon afterward 
she began to lose her appetite and vitality and first noticed weakness and short- 
ness of breath which have progressively increased. 

About six weeks prior to admission she sustained a transient hemiplegia. 
Shortly thereafter she gave birth to a child, and within a day or two of this she 
developed a mild fever, due possibly to a sore throat which she had and which 
her attending physician, feeling there was no question of puerperal sepsis, con- 
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sidered an adequate cause. At this time a loud blowing systolic murmur was 
first noted, and the case was then considered as probably one of endocarditis. 

During the six weeks interval preceding admission and following childbirth 
we have little data. Her appetite diminished, she vomited frequently and lost 
considerable weight. We are told that she frequently spoke of pains in her 
finger tips and of numbness and tingling of her hands, also of slight tenderness 
over her anterior chest wall, and at one time of a single attack of precordial 
pain. 

Her past history is rather vague. We do know, however, that she denied 
having had tonsillitis, rheumatic fever or chorea; and that her attending 
physician knew of no time during which she showed signs of meningitis or 
nephritis. 

Physical Examination: A young woman, strikingly pale, moderately dysp- 
neic. poorly nourished and acutely ill, with a temperature of 102° F. Respira- 
tion rapid (30), and rather shallow. The skin slightly icteric, warm, soft and 
dry, with no petechiae. The lips and extremities cyanotic, the hands and feet 
cold. Sclerae subicteric, mucous membranes pale. Tongue smooth, atrophic 
and tender. Gums showed some erosion but no bleeding. Few very small pea- 
sized lymph nodes bilaterally palpable and freely movable in posterior cervical 
triangles. Thorax not remarkable. 

Heart slightly enlarged; apex impulse visible and palpable in fifth intercostal 
space, 8.5 cm. to left of midsternal line. Greatest diameter of cardiac dullness, 
8.5 cm. to left and 2 cm. to right of midsternal line. Sounds are regular but rapid 
(140) and of poor quality. A loud, rough, rasping systolic murmur and coarse 
palpable thrill at the apex. The murmur was transmitted to the axilla and over 
the base of the heart. The pulmonary second sound was accentuated. 

The rest of the physical examination revealed no positive findings. 

Provisional Diagnosis: Subacute bacterial endocarditis. 

Laboratory Findings: Blood showed a marked secondary anemia with slight 
leucocytosis. Red blood cells 2,200,000, and somewhat achromic. Hemoglobin 
34 per cent. Leucocytes 15,500 with 68 per cent polymorphonuclear leucocytes, 
9 per cent lymphocytes, 15 per cent large mononuclear phagocytes, many of 
which were enormously enlarged, irregular, vacuolated and contained both red 
blood cells and polymorphonuclear leucocytes. The remaining 8 per cent were 
smudges that could not be identified. 

The urine showed a trace of albumen and the sediment contained many white 
and red blood cells with few casts. 

The blood non-protein nitrogen on admission was 100 mg. Two days later 
it was 195 mg. 

The admission blood culture showed gram negative bean-shaped diplococci; a 
second culture on the following day confirmed this finding. 

Progress Note: The second morning the temperature was 103° F, pulse 150 
and respiration 40. The patient was irritable, restless and at times irrational. 

Discharge Note: No outspoken embolic lesions appeared until the day of 
death when a few small purplish areas were found on the fingers and toes. The 
patient became comatose and delirious by turns, screamed that she could not 
get her breath, became more cyanotic, pulseless and died on the fourth day ap- 
parently in uremia. 

Final Diagnosis: Uremia, acute nephritis, acute endocarditis, secondary 
anemia. 
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Autopsy REPORT 


An autopsy (A28-382), was performed on November 7, five days 
postmortem. There is edema of the lower extremities. The breasts 
are slightly enlarged, the areola pigmented and milk is expressed 
from the nipples. A deeply pigmented line extends from the umbili- 
cus to the symphysis. The vagina is red and ulcerated, and the 
cervix is unusually soft. No cutaneous petechiae can be distin- 
guished with certainty. 

The peritoneal, pleural and pericardial cavities contain 500 cc., 
60 cc., and 50 cc. respectively of clear yellow watery fluid. 

Heart: Weight 330 gm., slightly enlarged with moderate dilata- 
tion on the right side. The myocardium is soft, pale and homo- 
geneous. At about the central portion of the upper surface of each 
leaflet of the mitral valve, a large, elevated, nodular, yellow vegeta- 
tion measuring 2 by 1 by 1.3 cm., projects into the cavity of the left 
atrium. Beneath these fungating vegetations the leaflets are thick- 
ened in some places and perforated in others. The adjacent portions 
of the valve, except for a few delicate pink fibrinous granulations 
and two thickened and injected chordae tendineae are normal. The 
remaining valves, the pericardium, endocardium and coronary ves- 
sels are normal. 

Lungs: They are distended, pale and edematous. The bronchi and 
bronchioles are filled with watery blood-tinged fluid. 

Spleen: Weight 440 gm., is uniformly enlarged and varies in color 
and consistence. A large, firm, irregular yellow infarct passing 
through the central portion stands out in sharp contrast to the sur- 
rounding soft maroon parenchyma. 

Liver: Weight 1740 gm., is pale, moderately firm and slightly en- 
larged. The fresh surfaces are homogeneous but the finer markings 
are obscured by a swelling of the parenchyma. 

Kidneys: Weight 390 gm., large and firm. The capsules strip 
readily from smooth pale surfaces. The cortex is regular and 0.7 cm. 
in thickness. The fresh surfaces bulge slightly and show marked 
pallor of both cortex and medulla. 

Genital Organs: The cervix is congested. Part of the endometrium 
covering the fundus of the uterus is dark red and covered with a 
fibrinous exudate. The tubes and ovaries are negative. 
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Meninges: The inner surface of the dura covering the parietal 
and frontal lobes is coated with a very thin yellowish glistening 
rather mucoid exudate. There are three minute petechial hem- 
orrhages in the pia arachnoid covering the cerebrum but there is no 
visible inflammatory reaction. 

Brain and Cord: These were fixed before sectioning and later 
carefully examined by serial sections. No gross lesions are found 
throughout the brain, in the ventricles or in the choroid plexus. 

Anatomic Diagnoses: Endocarditis; meningitis; infarction of the 
spleen; ascites; pulmonary edema; endometritis. 


Microscopic REPORT 


Heart: The myocardium shows surprisingly little pathology. 
There are a few small perivascular foci of polymorphonuclear leuco- 
cytes; and occasional necrotic muscle fibers are invaded by en- 
dothelial leucocytes. The vegetations are composed of a coarse net- 
work of fibrin surrounded by clumps of bacteria and covered at the 
periphery by a layer of polymorphonuclear leucocytes. The bac- 
teria are small gram negative diplococci and many are intracellular. 
The underlying valve leaflets are necrotic. The pericardium and 
vessels are normal. 

Lungs: The structure of the lung is well preserved. The alveoli 
contain a little precipitated albumen with scattered foci of fibrin 
and red blood cells. 

Spleen: There is a large area of infarction bordered by an acute 
inflammatory exudate and extravasated red blood cells. 

Kidneys: These show a rather diffuse lesion involving primarily 
the glomeruli. The capillary tufts are large, cellular and contain 
little blood. Groups of tubules also show a moderate inflammatory 
reaction with degenerative changes within the cells and numerous 
polymorphonuclear leucocytes within their lumina. 

Uterus: Slight cystic dilatation of the glands of the cervix, few 
foci of lymphocytes in the stroma, and an acute inflammatory exu- 
date on the surface of the endometrium. 

Tubes and Ovaries: These organs are normal. 

Breast: A normal involuting breast, the cells are atrophic and 
there is little secretion within the glands. 
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Meninges: The under surface of the dura is covered with a narrow 
layer of fibrin containing red blood cells and polymorphonuclear 
leucocytes. A collection of lymphocytes, plasma cells and endo- 
thelial leucocytes lies beneath the lining endothelium of the sagittal 
sinus, and infiltrates the wall of one of the larger vessels of the 
choroid plexus. 

The pia arachnoid is normal except for three small perivascular 
foci of acute inflammation and hemorrhage. The inflammatory 
exudate is composed of well preserved polymorphonuclear leuco- 
cytes, endothelial leucocytes and little fibrin. 

Cerebrum and Cerebellum: Sections from many different parts in- 
cluding the walls of the ventricle and the cervical portion of the cord, 
show no histologic lesions. 

Pituitary: In the anterior lobe there is a small area of necrotic 
cells that are undergoing phagocytosis. 

Microscopic Diagnoses: Endocarditis; meningitis; infarction of 
spleen; pulmonary edema; subacute intracapillary glomerular 
nephritis; endometritis. Gram negative bean-shaped diplococci, 
intra- and extracellular in vegetations on mitral valve. 


BACTERIOLOGY 


An excellent opportunity was offered to study the bacteriology in 
this case and the results are unusually interesting. A gram negative 
bean-shaped diplococcus was recovered from the blood cultures 
taken ante mortem and later from cultures from the vegetations on 
the mitral valve and from the spleen. Of the smears taken at the 
time of the autopsy from the base of the brain, from the vagina, 
cervix and fundus of the uterus and from the vegetations and spleen, 
only those from the latter two situations revealed a similar or- 
ganism. 

Morphology and Cultural Characteristics: The organism was a 
small gram negative bean-shaped diplococcus. It varied in size and 
stained with dilute carbol fuchsin with different degrees of intensity. 

In spite of the fact that the organism remained viable in the body 
for five days postmortem it grew with difficulty under artificial con- 
ditions. The most favorable media were glucose ascitic agar and 
chocolatized sheep blood agar. A scanty growth was obtained on 
sheep blood agar, Loeffler’s serum media, ascitic broth and blood 
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serum broth, whereas no growth occurred on plain agar or on beef 
infusion broth. 

After twenty-four hours incubation at 37° C the colonies were 
minute, discrete, moist, round and elevated. They had a grayish 
blue translucency, produced no hemolysis and formed no pigment. 
No growth was obtained at room temperature or at 40° C. Cultures 
placed in the icebox died out in three to four days. 


Fermentation Reactions: These were obtained with difficulty using 
1 per cent dextrose broth and 1 per cent maltose broth enriched with 
horse serum. Control tubes were inoculated with known cultures of 
meningococci and gonococci. No change in reaction was observed 
in the tube containing the unknown organism after twenty-four 
hours incubation, while only at the end of six days was the change 
in the reaction complete. The unknown organism resembled the 
meningococcus by attacking both sugars and differed from the 
gonococcus which fermented only the dextrose (Table I). 


I 
Fermentation Reactions 


Organism 


SEROLOGY 


Arkwright pointed out that to identify a gram negative diplo- 
coccus accurately one must take into account not only the morph- 
ology of the cocci and their colonies, their cultural characteristics 
and fermentation reactions but also their agglutination and agglu- 
tinin absorption reactions with known antimeningococcus sera. 
Gordon,” in his bacteriologic studies of cerebrospinal fever among 
the troops, showed that about 98 per cent of all meningococci fall 
into four groups with minor bonds of relationship between his types 
I and III, and types II and IV. Furthermore, the monovalent 
agglutinating sera of types II and IV of the meningococci contain 
abundant coagglutinins for many strains of gonococci, and different 


Dextrose Maltose 
Tube uninoculated 
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strains of gonococci vary greatly in their serologic resemblance to 
meningococci. 

Because of this close relationship between these two groups of or- 
ganisms we performed agglutination tests to determine into which 
of these groups the unknown organism should fall. 


AGGLUTINATION * 


Agglutination with Polyvalent Antimeningococcus Serum: Faintly 
turbid suspensions of twenty-four hour cultures of the unknown or- 
ganism as well as of four types of meningococci grown on chocolate 
agar slants were made in salt solution and kept at 56°C for one 
hour. Four-tenths of a cubic centimeter of bacterial suspensions 
were added to one-tenth of a cubic centimeter of graded dilutions of 
standard polyvalent antimeningococcus serum. As controls we 
used normal horse serum and bacterial suspension, and saline and 
bacterial suspension. The tubes were stoppered, kept at 55° C for 
twenty-four hours and placed in the icebox for twenty-four hours 
before reading. 

The agglutination reaction of the unknown organism corresponded 
very closely to the reactions of the four known types of meningo- 


II 
Agglutination with Antimeningococcus Serum 
_ Final dilutions Nor- Com- 
‘ Antimeningococcus serum Sa- = Partial plete 
Strain line | 2°TS€/agglutina-jagglutina- 
serum) “tion tion 
I: 200|1: 400} 1: 800} 1: 1600/1: 3200 I:100 

Unknown organism.......... at} 3| ° | 1:800 | 1:200 
Meningococcus Type I..... 4 ° | 1:800 | 1:400 
4 21 ° o | 1:1600| 1:200 
4 si 21 ° | ©} 1:800 | 1:200 
° o| o | 1:800 | 1:200 


{ Figures refer to degree of agglutination reaction: 4 = complete. 


cocci. It was complete in a dilution of 1:200 and partial up to 1:800. 
This, together with the results of the control tests, is shown in 
Table II. 


* The polyvalent antimeningococcus serum, the four known types of meningococci, 
and the normal horse serum used in these experiments were obtained from the Common- 
wealth of Massachusetts Antitoxin and Vaccine Laboratory. The types of meningo- 
coccus were: Type I, No. 123; Type II, No. 55; Type III, No. 57; Type IV, No. 60, 
(United States Hygienic Laboratory). 
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Agglutination with Polyvalent Antigonococcus Serum: Using the 
same technic as in the former test we replaced the polyvalent 
antimeningococcus serum with polyvalent antigonococcus serum, 
and added a known strain of gonococcus as an additional control 
(Table ITI). 


Taste III 
Agglutination with Polyvalent Antigonococcus Serum 


Final dilutions Com- 


Antigonococcus serum . | mal : 
Strain fine [borse 
serum) “tion tion 
I: 200]1: 400]1: 800}1: 1600 3200 I: 100 

Unknown organism.......... a2} ° © | 1:800 | 1:200 
Meningococcus Type I..... 4/1312] 0 ° 1:800 | 1:200 

312} eo ° o| 1:400 


In this, agglutination of both the unknown organism and meningo- 
coccus Type I was complete in a dilution of 1:200, and partial up to 
1:800, which resembled the results of the previous test in which 
antimeningococcus serum was used. Only partial agglutination re- 
sulted with meningococcus Types II and III in dilutions of 1:400 
and 1:200 respectively, while the gonococcus agglutination was com- 
plete up to 1:800. 

The identity of the unknown organism could not be determined 
from the results of these two agglutination tests alone (Tables II 
and III), because it was agglutinated equally well by both the anti- 
meningococcus and antigonococcus sera. 


AGGLUTININ ABSORPTION 


Agglutinin absorption tests were carried out using both polyvalent 
antimeningococcus and polyvalent antigonococcus sera, a mixed 
suspension of the four types of meningococci and the unknown 
organism. 

The technic of the first test consisted in absorbing the agglutinins 
against the four types of meningococci from an homologous polyva- 
lent antimeningococcus serum, and then mixing this absorbed serum 
with a suspension of the unknown organism. This was accomplished 
in three steps. First, five-tenths of a cubic centimeter of a mixed 
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suspension of the four types of meningococci were added to five- 
tenths of a cubic centimeter of the homologous polyvalent anti- 
meningococcus serum diluted 1:20. After twelve hours at 55°C 
followed by two hours in the ice chest, agglutination was strongly 
positive. The mixture was thoroughly centrifuged and eight-tenths 
of a cubic centimeter of clear supernatant fluid were pipetted off 
without disturbing the precipitate. 

The second step, which was rather a repetition of the first, was 
carried out simply to insure the complete absorption of the agglu- 
tinins against the meningococci. To the supernatant fluid obtained 
after the first agglutination we added two-tenths of a cubic centi- 
meter of a fairly heavy mixed suspension of the four types of menin- 
gococci, giving a final dilution of 1:50. This mixture was kept at 
55° C for twelve hours and later placed in the ice chest for two hours. 
Only very slight agglutination occurred. The suspension was cleared 
by centrifuging and the supernatant fluid was saved for the agglu- 
tination test with the unknown organism. 

In the last step, three-tenths of a cubic centimeter of a suspension 
of the unknown organism were added to one-tenth of a cubic centi- 
meter of the absorbed serum diluted 1:50, giving a final dilution of 
1:200. A final reading was made after twelve hours at 55° C fol- 
lowed by twelve hours in the ice chest. 

The following protocol (Table IV) shows that the absorption of 
antibodies from the antimeningococcus serum by a mixture of the 


IV 


Absorption Test with Polyvalent Antimeningococcus Serum 
Absorbed with Mixed Meningococct 


Absorbed serum 
1: 200 


Unknown organism ° 
Mixed meningococci ° 


four types of meningococci completely removed the agglutinins 
against the unknown organism. To certify that the agglutinins 
against the four types of meningococci had been completely re- 
moved, a mixed suspension of the meningococci was likewise added 
to the absorbed serum; and no agglutination occurred. The unab- 
sorbed antimeningococcus serum that was used as a control in this 
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protocol (Table IV), had been previously subjected to the same 
treatment as the absorbed serum because the possibility was con- 
sidered that the prolonged heating, the chilling, and the centrifug- 
ing might destroy or alter the agglutinins in this serum. 

When the antimeningococcus serum was replaced by antigono- 
coccus serum and precisely the same technic employed, the agglu- 
tinins against the unknown organism were again absorbed by the 
mixed types of meningococci (Table V). 


TABLE V 


Absorption Test with Polyvalent Antigonococcus Serum 
Absorbed with Mixed Meningococci 


Absorbed serum 
I: 200 


wo 


In these two absorption tests (Tables IV and V), absorption of the 
antibodies from both antimeningococcus and antigonococcus sera 
was obtained by using a mixed suspension of the four types of men- 
ingococci, and in each case the agglutinins against the unknown 
organism were completely removed as well. This was important 
for it suggested a close similarity between the agglutinins against 
the unknown organism and the meningococci. 


Tasie VI 


Absorption Test with Polyvalent Antimeningococcus Serum 
Absorbed with Unknown Organism 


Unabsorbed 
serum 1: 200 


Absorbed serum 
1: 200 


When the converse of the first agglutinin absorption test was per- 
formed, it was found (Table VI) that the polyvalent antimeningo- 
coccus serum absorbed with the unknown strain would still agglu- 
tinate a mixed suspension of the four types of meningococci. This 
indicated that by absorbing the agglutinins against the unknown 
organism, the agglutinins for all the four types of meningococci have 
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not been removed. If on the other hand polyvalent antimeningo- 
coccus serum absorbed with the unknown organism was mixed with 
the four types of meningococcus separately, agglutination occurred 
with all but Type I. This suggested that agglutinins for this type 
had been previously absorbed (Table VII). 


Tasie VII 


Absorption Test with Polyvalent Antimeningococcus Serum 
Absorbed with Unknown Organism 


A final absorption test which suggested even more strongly the 
identity of the unknown organism entailed incubating polyvalent 
antimeningococcus serum absorbed by meningococcus Type I with 
the unknown organism (Table VIII). This table shows that after 
absorption of the agglutinins by meningococcus Type I from poly- 
valent antimeningococcus serum no agglutination was obtained 
from the unknown organism. 


VIII 


Absorption Test with Polyvalent Antimeningococcus Serum 
Absorbed with Meningococcus Type I 


Unknown organism 
Meningococcus Type I 


From results of the preceding protocols it would appear that the 
unknown organism should be grouped as a Type I meningococcus. 
(U. S. Hygienic Laboratory classification.) 
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DISCUSSION 


Meningococcus endocarditis presents many points of clinical, 
pathologic and bacteriologic interest. Of the twelve cases which we 
found in the literature all have ended fatally. In seven of these the 
cardiac lesions occurred simply as a complication of meningitis and 
in most cases the endocarditis was not recognized clinically. On the 
other hand it is important to remember that endocarditis can be 
caused by the meningococcus without any meningeal involvement 
and that such cases have been diagnosed as acute rheumatic fever 
with endocarditis, or subacute bacterial endocarditis. The duration 
of such cases varies from three weeks to three months. In the case 
that we have reported in which there were no clinical signs or symp- 
toms to suggest any meningeal involvement, a diagnosis of menin- 
gitis was made at the time of the autopsy that was later confirmed 
by the microscopic examination of the tissue. 

Of unusual pathologic interest are the rather typical vegetations 
— large, firm, localized and fungating, with little tendency to dis- 
charge minute emboli. In eight of the cases the mitral valve alone 
was affected; in three, both the mitral and aortic; in one, the aortic 
alone, and in one other, the case reported by Rhoads, the interven- 
tricular septum was perforated and both the tricuspid and aortic 
valves were involved. 

The bacteriology in these cases of meningococcus endocarditis 
presents a very interesting problem, and especially in those cases 
in which there is no associated meningitis. In several of the cases 
reported, the bacteriologic diagnosis was based merely on the mor- 
phology and cultural characteristics of the organisms isolated from 
blood cultures. These gram negative diplococci, however, form a 
group of such closely related organisms that such diagnoses are not 
conclusive. In identifying members of this group the organisms 
should be agglutinated, and in some cases agglutinin absorption 
tests performed. 


SUMMARY 


1. A case of meningococcus endocarditis is reported with the 
autopsy and bacteriologic findings. 

2. A brief discussion deals with the clinical, pathologic and bac- 
teriologic considerations of meningococcus endocarditis. 

3. The literature is reviewed. 


We are indebted to Dr. F. B. Mallory for the illustration, and 
to Miss Marion E. Lamb for technical assistance. 
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DESCRIPTION OF PLATE 
PLATE 41 


Photograph of the heart, opened to show the characteristic large fungating 
vegetations, localized on the leaflets of the mitral valve. 
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SUGGESTIONS FOR STAINING TUMORS OF 
SPONGIOBLASTIC ORIGIN * 


NaTHAN CHANDLER Foot 


(From the Department of Pathology, College of Medicine, University of 
Cincinnati and Cincinnati General Hospital, Cincinnati, Ohio) 


INTRODUCTORY 


The work of Globus and Strauss, Bailey, Cushing, and Hiller,” * 4 
and of Penfield ° and others, based upon that of Ramon y Cajal and 
his pupils, notably Hortega, has opened a wide avenue of approach 
to a more intelligent study of tumors of the glioma group; yet pa- 
thologists have been slow to avail themselves of the opportunity 
thus afforded them. There are several reasons for this: the average 
pathologist is hesitant about forsaking the tried and familiar ground 
of the hematoxylin-eosin technic for less well known territory; he 
balks at using the special fixative called for by the Spanish school, 
and he is disinclined to learn how to interpret the new and unfa- 
miliar pictures obtained in the silver impregnations. 

In order to overcome some of these disadvantages, Globus ® has 
devised his ‘‘new step” for the bromuration of ordinary formalin- 
fixed tissue, Penfield ’ has adapted this for use in connection with his 
method for impregnating the oligodendroglia and microglia, and the 
writer, anxious to make the study of gliomas still easier, has made 
further modifications in the technic for impregnating sections from 
these tumors in the hope that the results thus obtained will more 
closely approximate those with which pathologists are familiar and, 
at the same time, afford a broader view of the tissues examined and 
a better opportunity for photographing them. 

I have found, while experimenting with the Globus-Hortega 
method, that the results obtained are open to criticism on three 
heads: the nuclear detail is apt to be rather meager; the fibers are 
grayish, rather than jet-black, unless one coat the cells very heavily 
with silver and further obscure their histologic detail, and the cells 
that lack argyrophil material are very indistinct; furthermore, the 
preparations give flat, over-contrasty photomicrographs that are 
too black-and-white. It was also noted that the use of 1 per cent 


* Received for publication March 1, 1929. 


215 


~ 


216 FOOT 


instead of 20 per cent formalin in reducing the silver in Hortega’s 
silver carbonate method, brings out the neuroglia fibers in sharp 
relief, while it fails to stain the nuclei or cytoplasm of the cells. In- 
stead of being a disadvantage, it will be realized that this is quite 
the opposite, for the nuclei may then be stained with a dye of 
another color and the cytoplasm counterstained with one of a 
third, producing a picture in three colors, instead of varying tones 
of the same hue. 

In order to accomplish this result, the following process has been 
devised; it is in no way original, being merely a combination of the 
steps already familiar in the impregnation of reticulum.® It consists 
in utilizing the sharply black impregnation of the neuroglia obtained 
with a weak formalin reducer and the reliable hematoxylin-Van 
Gieson technic. It is not yet applicable to paraffin sections, frozen 
sections must be used invariably. 


THE METHOD 


Material: Frozen sections of tissue fixed in 10 per cent formalin 
are cut 15 to 20 microns, thickish sections are more easily manipu- 
lated without tearing and the processes of the spongioblasts, which 
may branch in all directions, are less apt to be cut off in the plane of 
section. 

Bromuration: The sections are washed in distilled water and 
bromurated by the Globus technique, being placed in 10 per cent 
ammonium hydroxid for 24 hours, washed briefly in distilled water 
and transferred to a 10 per cent solution of 40 per cent (concen- 
trated) hydrobromic acid, where they remain for 5 to 24 hours. 
They are then transferred to Cajal’s formalin bromid (3 gms. NH,Br 
in 15 per cent neutral formalin, 100 cc.) where they may be stored 
until wanted. Although the ammonia bath is supposed to serve as 
a deformalinizing agent, it is found that the sections become more 
surely impregnated if they have been in formalin-bromid for a few 
hours. The tissue sections should be handled, throughout the pro- 
cess, with a glass spatula, made by bending about one centimeter of 
the end of a glass rod to an angle of 60 to 80° and pinching it out 
thin and flat while still hot and soft, with warmed pliers, so that its 
broad surface runs transversely, like a scoop. This avoids the tear- 
ing of sections so common when glass needles are used, and it facili- 
tates their transferal from bath to bath. 
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Impregnation: The sections are washed in two changes of distilled 
water and placed in about 35 cc. of weak silver carbonate solution, 
which has been heated to about 45°C. The vessel is then set in an 
incubator at 38° C for half an hour. The silver solution is made up 
by mixing 50 cc. of 10 per cent AgNO; with a like amount of 5 per 
cent Na,CO,, shaking, allowing the heavy white precipitate to settle 
and decanting the supernatant fluid. The precipitate is then washed 
in 250 cc. of distilled water and again allowed to settle. It is next 
nearly dissolved, after decanting most of the supernatant fluid, by 
adding strong ammonium hydroxid drop by drop and continually 
shaking the graduate, until only a few grayish granules remain un- 
dissolved. The solution is then made up to 250 cc. with distilled 
water and stored in a brown bottle, where it will keep for days. Ifa 
precipitate forms in the bottle, it should be filtered off. The used 
silver diammino carbonate solution, however, must never be poured 
back into the bottle. The sections become reddish brown in this 
bath. 

Reduction: After washing them in two changes of distilled water, 
they are brought into a 1 per cent neutral formalin for 2 to 5 minutes; 
in a few seconds they become ochraceous gray to black and two 
minutes is usually enough time for complete reduction. 

Toning: They are then washed in water, tap-water is no longer 
inadmissable after reduction is complete, and toned for 2 to 3 
minutes in a 1:500 solution of gold chlorid. This keeps well and may 
be used repeatedly until it no longer removes the yellows and browns 
from the color scheme of the sections, which indicates that it is ex- 
hausted. I use Merck’s brown, acid AuCl, the cheaper yellow salt 
will probably serve just as well. 

Fixation: After washing, the sections are fixed in 5 per cent so- 
dium thiosulphate for 2 to 5 minutes, which removes the metallic 
luster from their surface, takes out superfluous metallic salts and 
renders the tissue pliant. 

Mounting; After washing away the hypo, each section is mounted 
upon a clean glass slide by being floated over it, one corner pinned 
to the slide with the glass spatula and the slide removed from the 
water at a distinctly obtuse angle; bringing it out at an angle too 
acute with the surface of the water creates eddies that wrinkle the 
section. Loose or crumpled edges are brought out flat on the glass 
by immersing the slide edgewise, deeply enough in the water to float 
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them free, holding it at right angles to the surface and moving it 
gently up and down until all tabs and loose ends have been straight- 
ened out. It is then blotted firmly with several layers of smooth, 
unpatterned filter paper; timid blotting usually results in the section 
adhering to the paper, rather than to the slide. If the sections be 
firmly enough blotted, it will be found that no egg albumen-glycerin 
adhesive need be used on the slides. The section is then anchored 
by the Mallory and Wright ° celloidin method; it is flooded with 95 
per cent alcohol from a dropping bottle, then with absolute alcohol 
and once more blotted dry. A few drops of very thin celloidin are 
then flowed over the section and gently blown upon until they set 
in a thin film. The process is then reversed, a few drops of abso- 
lute alcohol, followed by 95 per cent alcohol, are dropped over the 
celloidin and the slide placed in a staining dish of water. The celloi- 
din should be just thick enough to flow in drops and to set in the 
thinnest possible film that will serve to anchor the sections firmly 
to the glass. A little experience will teach one how much celloidin 
should be dissolved in ether, with a little absolute alcohol added to 
insure complete solution. 

Counterstaining: The sections may now be handled in slotted 
glass staining dishes, like paraffin sections. They are stained for 5 
minutes in a fresh solution of Harris’ hematoxylin and washed in 
water until they become blue; warming the water or adding a few 
drops of ammonia will hasten the bluing. They are then stained for 
30 to 45 seconds in Van Gieson’s stain (10 cc. 1 per cent aqueous acid 
fuchsin to 90 cc. saturated aqueous picric acid solution). The stain 
is poured off as completely as possible and the sections run directly 
up through 95 per cent and absolute alcohol (omitting a wash in 
water) into xylol with 5 per cent oil of origanum. After a brief im- 
mersion in pure xylol, they are mounted in Canada balsam. 


RESULTS OF THE METHOD 


Nuclei: Brownish red to red, mitotic figures brighter red. 

Cytoplasm: Excepting that of the astrocytes, yellowish red to 
brown. 

Astrocytes: The fibrillary type will show black fibrils and a faint 
red cytoplasm; the protoplasmic type will be almost entirely black, 
save for the nucleus. “Irritation” astrocytes are gray to black. 
Vascular processes (sucker feet) are deeply impregnated and black. 
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Spongioblasts: The cytoplasm is reddish yellow or brownish, the 
polar filaments black. The apolar variety may show “fibrogenic 
areas” in black if they be mature enough. Giant cells stain chiefly 
with the hematoxylin- Van Gieson stain, showing little affinity for 
silver. 

Nerve Cells: These are distinctly brownish, with a few black 
dendrites and blackish Nissl bodies. 

Oligodendroglia and Microglia: Although sometimes well impreg- 
nated, these cells are not specifically stained and the method is not 
yet recommended for their demonstration. 

Gitterzellen: Black network on yellowish brown background. 

Neuroglia Fibers: Black. 

Fibrous Reticulum: Black. 

Collagen Fibers: Bright vermilion. 

Erythrocytes: Canary yellow to brown. 

Granulocytes and Monocytes: These usually show very distinct 
argyrophil granules. 

Areas of hemorrhage and necrosis are very clearly demonstrated 
and one may thus gauge the presence or absence of degenerative 
changes very accurately. It is to be noted that the bloated, snow- 
shoe-shaped spongioblasts and the swollen and vacuolated Git- 
terzellen occur chiefly in the neighborhood of necrotic areas and 
represent degeneration forms. Pseudorosettes are well brought out, 
as is demonstrated by Fig. 1. 


ADVANTAGES OF THE METHOD 


The advantages claimed for this method are as follows: it gives 
one a picture in which the nuclei, cytoplasm and neuroglia fibrils are 
readily distinguishable; the neuroglia and connective tissue are easily 
identified and kept separate; it affords much more plastic and less 
chalky photomicrographs than the original technic, and the various 
stages in the development of the spongioblasts are more readily 
made out. That the method does not always demonstrate the oligo- 
dendroglia and microglia cells in their entirety makes little differ- 
ence, for tumors arising from these are still imperfectly recognized; 
Bailey,’ in his latest paper on gliomas, sets a question-mark after 
the heading “‘oligodendroglioma”’; if there be microgliomas, they 
would fall under the heading of sarcoma — as yet none has been 
authoritatively described. 
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HINTS ON THE HANDLING OF FROZEN SECTIONS 


In the first place, it is necessary that the block of tissue be frozen 
to exactly the proper consistence; this is best done by freezing it 
through and then thawing out the surface by laying one’s finger-tip 
over it until it feels slight moisture and sections may be cut without 
their edges splintering and fraying out. It is advisable with some 
makes of microtome, to ‘‘jump” the sections directly from the block 
into a dish of water that is held in the left hand. With a dry knife, a 
properly frozen block and a little practice, this is very easy and it 
eliminates handling the sections before one must. They spread out 
flat in the water almost immediately. If this cannot be done, one 
may wet the knife blade and allow ten or fifteen sections to accumu- 
late upon its surface, whence they may be removed in a mass with 
a moistened finger-tip and floated off this into the water. Removing 
each section singly with a camel’s hair brush is poor practice, for 
sections are too fragile to be handled in this manner, tearing more 
readily when they are single than when they are handled in wads of 
ten to twenty at a time. 

Another point to be borne in mind is that it is very inadvisable to 
try to impregnate too many sections at a time, ten or fifteen, handled 
separately with the broad, blunt spatula, will be more likely to 
emerge whole at the end of the procedure than would a large num- 
ber. Furthermore, they will not tend to stick together and will, 
therefore, be more evenly impregnated than would a tangled mass. 
A cheap and easy way to manage the various baths is to provide a 
number of wide-mouthed 40 cc. phials, which may be stoppered with 
flat corks and which should be of sufficiently large caliber not to be 
top-heavy. 

CONDENSED SUMMARY OF THE METHOD 


1. Frozen sections, cut at 15 to 20 microns from formalin-fixed 
material are treated for 24 hours each in: 10 per cent NH,OH, 10 
per cent HBr, and Cajal’s formalin-bromid, with brief washes in two 
changes of distilled water between steps. 

2. They are impregnated for half an hour at 38°C in a bath 
of (Ag (NH;),).CO; which is initially heated to 45° C. 

3. After washing in two changes of distilled water, they are re- 
duced in 1 per cent neutral formalin (0.4 per cent formaldehyd) for 
two or more minutes. 
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4. After washing in tap water, they are toned in 1:500 AuCl for 
the same length of time. 

5. After again washing, they are fixed in 5 per cent Na,S,O; 
(hypo) for a like period. 

6. They are washed, mounted on glass slides with celloidin and 
stained for five minutes in Harris’ hematoxylin. 

7. They are then “blued” in water, or very dilute NH,OH and 
counterstained in Van Gieson’s stain for 30 to 45 seconds. 

8. Finally, they are run up through ascending percentages of al- 
cohol, avoiding water, into xylol with 5 per cent oil of origanum, 
pure xylol, and mounted in Canada balsam. 


In CONCLUSION 


A method is described whereby the Globus-Hortega technique is 
combined with the hematoxylin-Van Gieson stain, so that a poly- 
chrome picture results. It is believed that this gives slides that are 
more readily interpreted and have a greater similarity to routine 
sections than is the case with those impregnated with silver alone. 
They are also better suited to photomicrography. The writer 
apologizes for prolixity in this paper, but feels that better results will 
be obtained if the reader knows exactly how to go about securing 
them. 
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DESCRIPTION OF PLATES 


The photomicrographs, taken by Mr. J. B. Homan (of the Department of Medi- 
cal Art of the College of Medicine) and the author, show a variety of pictures 
taken from three spongioblastomas. Some fields are selected from approxi- 
mately normal cerebral tissue in the neighborhood of the tumors. The relatively 
large magnification of the high power views is the result of extending the photo- 
graphic bellows to 24 inches in order to secure depth of focus in the thick frozen 
sections. Everything was done, when printing the photomicrographs, to keep 
them on the “soft” side and avoid chalky, or over-contrasty effects. 


PLATE 42 


Fic. 1. A pseudorosette from Tumor 1. Note the polar filaments of the spon- 
gioblasts radiating into the necrotic center. x 200. 


Fic. 2. High power detail of same. Many giant unipolar spongioblasts are 
seen, with their “tails” running into the necrotic material. These cells are 


comparatively poor in argyrophil matter. x 950. 
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PLATE 43 


Fic. 3. Meniggovascular prolongation between sulci, comparatively normal 
cortex, with fibrillary astrocytes, to the left of the vessel; astroblastic por- 
tion of Tumor 1 to the right of it. x 200. 

Fic. 4. High power detail from quasi-normal cortex shown in preceding figure. 
There are two prominent nerve cells, triangular, with scanty processes in 
the lower corners of the picture; at the center is a cluster of astrocytes; the 
small nuclei belong to oligodendroglia cells. x 950. 
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PLATE 44 


Fic. 5. High power detail from Tumor 2. Many astroblasts are seen, with 
rudimentary, thick processes presenting in varying numbers. x 950. 


Fic. 6. Fibrillary astrocytes in the white matter near the border of the same 
tumor. The two at the lower center of the field show very sturdy vascular 
processes (sucker feet) extending upward to a large capillary which is some- 
what out of focus. x g50. 
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PLATE 45 


Fic. 7. High power field from Tumor 2. The cells are much more primitive 
than are those in the preceding tumor, being chiefly of the unipolar variety. 


X 950. 

Fic. 8. Another field from Tumor 2. The cells have much the same character- 
istics, there are numerous sarcomatoid cells in the background, which show 
comparatively little argyrophilia. x 950. 
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PLATE 46 


Fic. 9. Degeneration forms, granular or vacuolated and swollen, from the 
neighborhood of necrotic tissue in Tumor 2. The black fibers are processes 
of spongioblasts. x g5o. 

Fic. ro. “Irritation astrocytes” from the white matter bordering Tumor 3. 
Chiefly of interest because the tissue was kept for eight years in Kaiserling 3 
in a museum jar before sectioning and impregnating. x 950. 
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COMMENTS ON THE IMPREGNATION OF NEUROGLIA WITH 
AMMONIACAL SILVER SALTS * 


NATHAN CHANDLER Foot 


(From the Department of Pathology, College of Medicine, University of Cincinnati and 
Cincinnati General Hospital, Cincinnati, O.) 


INTRODUCTORY 


The purpose of this paper is to present in detail a discussion of 
the various steps and variable factors involved in the process of 
impregnating neuroglia with ammoniacal silver salts, so that the 
reader may obtain some idea as to its regulation and may thus be 
enabled to alter the procedure to suit his own particular needs. It 
is probable that few who use silver impregnations know how or why 
these succeed or fail in producing the desired results. While it will 
be impossible to answer this question in full, it may be that certain 
data given here will clear up some confusion and serve as an incen- 
tive for the acquisition of more exact knowledge as to the chemical 
basis of the technic. The method reported in a recent paper (Foot *) 
will serve as the regimen for this set of experiments; although any 
one of several might do as well, this one is more familiar to me by 
reason of recent experience. 


Material: This was the same in every experiment, cortical tissue 
from three human brains: one removed one hour postmortem from 
an elderly man who died of chronic myocarditis and generalized 
arteriosclerosis; one removed three hours postmortem from an 
elderly woman dead of septicemia complicated by arteriosclerosis 
and an area of cerebral softening; and one removed five hours 
postmortem from a young woman dead of poisoning by bootleg 
liquor. Thus we have a means for determining the viability of the 
various neuroglial elements in these brains representing three de- 
grees of freshness. It was found that the astrocytes were viable in 
all three, but that the oligodendroglia and microglia rapidly de- 
teriorated as the period between death of the tissue and its fixation 
was lengthened. 


* Received for publication April 9, 1929. 
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Fixation: There is little need to discuss this point; while the 
Cajal | formalin-bromid fixation is excellent, it is more usual to 
employ neutral formalin in the pathological laboratory, so that this 
was invariably used in these experiments in its usual concentration 
of 10 per cent of the commercial 4o per cent stock, neutralized with 
calcium carbonate. 

After cutting sections at about 20 microns, they were stored in 
small phials in Cajal’s fluid (15 per cent neutral formalin with 3 
per cent NH,Br is the classic formula; it is recommended that the 
latter be increased to 6 per cent to make it equimolecular with the 
solutions that follow). A few drops of 1 per cent NagCO; were added 
to each phial to maintain the neutrality of the fixative. Here they 
remained until wanted; after several weeks they were still in a suit- 
able condition for impregnation. 

Bromuration: Tissue fixed in neutral formalin must be “ bromu- 
rated” by the Globus? technic before the neuroglia can be demon- 
strated; it is omitted in those cases where Cajal’s fixative has been 
used. In these experiments the sections were washed in distilled 
water and placed in 4 per cent NH,OH at room temperature and at 
38° C for 24 hours. Warming brought about no improvement in 
the ultimate results. They were then washed in distilled water and 
transferred to 10 per cent HBr at corresponding temperatures for 
24 hours. It was found that the best results were obtained by leav- 
ing the tissue in HBr in the incubator, rather than at room temp- 
erature for 5 to 8 hours. Globus’s original technic calls for 10 per 
cent NH,OH and it was found to work very well; the percentage was 
changed for the following reason. The purpose of bromuration is to 
saturate the tissue with the NH,Br that was omitted from the 
fixative; presumably it combines with the silver salts to form AgBr. 
If this be so, and, if a 0.6 molar solution of AgNO; be used, we shall 
need a 0.6 M HBr and a solution of NH,OH to correspond. Six 
tenths M HBr is so nearly 10 per cent that this may be retained 
in the technic, but 0.6 M NH,OH is 4.04 per cent, so that 4 per cent 
NH,OH was substituted for Globus’s 10 per cent solution. 

The chemistry of bromuration is obscure; it is commonly sup- 
posed that the NH,Br “mordants” the neuroglia for silver salts, 
but this has never been proved. It certainly suppresses the impreg- 


+ Throughout this paper “Cajal’’ and “Hortega’’ will be used for Ramon y Cajal 
and Del Rfo-Hortega. 
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nation of the neurofibrils and thus affords a lighter background 
against which the neuroglia is sharply set off when it becomes im- 
pregnated; but this is by no means the whole story, for the neuroglia 
does not become impregnated unless bromuration be employed. 
That the bromid may, indeed, act as a sort of mordant is indicated 
by the fact that sections were impregnated after fixation in neutral 
formalin and the nerve fibers and nerve cells were well demonstrated, 
without any impregnation of the neuroglia taking place. They were 
toned with gold, fixed in hypo and washed, then bromurated (the 
process in no way interfering with the previous or subsequent im- 
pregnation), and they were then reimpregnated, the neuroglia now 
becoming prominent and readily demonstrable. Such double im- 
pregnations are very dense and present such a multiplicity of nerve 
tissue elements that the picture is very confusing; it is, however, 
none the less instructive and valuable for correlating the position 
of the various elements. 

Cajal’s Fluid: The sections were always left in Cajal’s fluid over- 
night, or stored in it until needed, after bromuration. This rein- 
forces the latter and replaces the formalin removed by the ammonia 
bath, thus insuring good impregnation. Repeated experiments 
showed that the impregnation obtained after soaking the sections 
in Cajal’s fluid was far superior to that which followed their transfer 
through a wash of distilled water directly to the silver bath from 
HBr (Figs. 1 and 2). Deformalinizing the tissue is not to be recom- 
mended; apparently the chief effect of the ammonia bath is to react 
with the HBr to form ammonium bromid in the sections, thus bro- 
murating them as surely as if they had been primarily fixed in Cajal’s 
fluid. 

Impregnation: The most complicated and puzzling part of the 
problem was presented by the various silver solutions used for im- 
pregnating the sections. The active ingredient of the silver bath is 
silver diammino carbonate (Ag(NHs)2)2COs, or the diammino hy- 
droxid, Ag(NH;)2OH, as the case may be. The chemistry of these 
compounds is very well discussed in an excellent paper by Kubie 
and Davidson * and in Mellor’s‘ extensive work. The silver diam- 
mino carbonate used in the series of Hortega variants is produced by 
precipitating Ag,CO; from AgNO; by means of sodium or lithium 
carbonate and nearly dissolving the precipitate in NH,OH; the 
various methods for doing this are conveniently assembled by Pen- 
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field and Cone ° in their chapter in McClung’s handbook on micro- 
scopic technic. It will be noted that only one silver diammino oxid 
(hydroxid) method is mentioned (Cajal’s modification of the Biel- 
schowsky technic), and that the authors believe it to be less certain 
than the carbonate methods; this will be of importance later on in 
this article. 

In order to analyze these procedures, one must first work out the 
molecular concentration of the reagents involved therein. In the 
case of solids, a molar (M) solution would contain an amount equi- 
valent to the molecular weight in grams per liter; thus a molar solu- 
tion of AgNO; contains 170 (the molecular weight of the compound) 
grams per liter, which is 17 gm. per 100 cc., or 17 per cent. In the 
case of stock solutions, NH,OH for example, other factors enter in, 
as will be indicated later. 

SILVER NITRATE: In all these methods 1o per cent AgNO; is used, 
as a 10.2 per cent solution is 0.6 M (102 being 0.6 of 170); this should 
supplant the usual ro per cent solution, for it is just as readily 
compounded. 


CARBONATE METHODS 


The reaction 2 AgNO; + Li,CO; = AgeCO; + 2 LiNOs, with the 
AgNO; in 0.6 M concentration, calls for a 0.3 M LigCO; solution. 
Let us see how the familiar formulae are made up. 

(a) Original Hortega: To to cc. of 10 per cent AgNO; an equal, 
or somewhat greater amount, of a saturated solution of LiCO; is 
added. 

(b) Later Variant: To 10 cc. of 10 per cent AgNO; 40 cc. of the 
saturated solution of LigCO; is added. (Saturated at room tempera- 
ture.) 

In either case the precipitate is washed in an excess of distilled 
water, the wash-water decanted off the precipitate after it has settled 
and the latter almost entirely dissolved in “dilute”” NH,OH added 
drop by drop; the solution is then made up to 50 cc. with distilled 
water. 

How do these formulae agree with our theoretical requirements? 
In the first case there is insufficient Li,CO; to precipitate all of the 
silver as Ag,CO;, but what is precipitated is in pure form; in the 
second case there is an excess of the lithium salt, which results in 
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the precipitation of a mixture of AgsCO; and Ag,O (see Mellor). 
Theoretically the two methods should give us quite different results 
and, as will be seen later, they do in fact. 

As was just stated, a 0.3 M solution of Li,CO; is required to bal- 
ance the 0.6 M AgNO; in the reaction; working with a 10 per cent 
AgNO; and a saturated solution of LizCOs, this is impossible, for the 
latter is soluble 1.539 %”-0.728 %: at “‘room temperature” one 
is uncertain just what the percentage may be, but it is certainly 
below the figure 2.22 per cent that represents a 0.3 M solution. 
As 1.5 per cent is approximately 0.2 molar, the AgNO; solution 
should be reduced to 0.4 M, or 6.8 per cent, and used in equal amount 
with the 1.5 per cent Li,CO; to give a balanced reaction. Of the 
classic formulae, the first gives us pure AgeCO; but wastes AgNO, 
while the second gives us a mixture of AgsCO; and Ag,O; therefore 
they are both theoretically unbalanced. As NaeCO; is readily 
soluble in water and may easily be adjusted to varying molar con- 
centrations, there appears to be no valid reason why the Li,CO; 
methods should be retained in use. 


Soprum CARBONATE METHOD 


Applying the same analysis to this, we find the following to be 


true. 

Ten cc. of 10 per cent AgNO; is mixed with 40 cc. of 5 per cent 
Na,COs, the precipitate is washed in a copious amount of distilled 
water, the wash-water is discarded and the precipitate nearly dis- 
solved in NH,OH added dropwise. The solution is brought up to 
45 cc. and 75 cc. respectively for the “strong” and ‘‘weak” con- 
centration. Here there is a great excess of Na,CO;; the approxi- 
mately 0.6 M AgNO; requires a 0.3 M Na2COs, or an equal quantity 
of 3.2 per cent NaCO;; what is actually offered to it is four times 
that amount of a 5 per cent, or nearly o.5 M (4.68 M), solution. 
Here again, according to Mellor, we shall be precipitating mixtures 

In order to stabilize the methods, Kubie and Davidson have first 
produced Ag(NHs3)2NO; (silver diammino nitrate) by adding equi- 
molecular NH,OH solution to a 10.2 per cent AgNO; until the 
brownish precipitate that is formed just dissolves. To this they then 
add calculated amounts of either Na,CO; or NaOH to make their 
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final double salt and, in the case of the NaOH, add enough more 
NH,OH to dissolve the precipitate that comes down when NaOH is 
added to Ag(NH3)2NO;. No additional precipitate will form when 
NazCO; is added, as this does not increase the hydroxyl ion concen- 
tration, so that no additional NH,OH is required in that case. 


RELATIVE MERITS OF THE DOUBLE SALTS 


It was found well-nigh impossible accurately to judge the rela- 
tive merits of these methods while using the classic formulae on ac- 
count of the number of variables introduced by the differences in 
molecular concentration in the reagents; after a preliminary trial, 
which used up several gross of slides and a great deal of time and 
labor, it was decided to employ the Kubie and Davidson methods 
to decide the questions raised by this preliminary work. It had 
been found, for example, that sections impregnated with solutions 
that had been made up with an excess of AgNO; over Na,CO; were 
strikingly different from those made up with solutions the reverse of 
this, with Na,CO; in excess; these differences were attributed to 
the presence of Ag(NH3)20H [ (Ag(NHs)2)20 in solution] in the latter 
case. This was borne out by the fact that it required twice as much 
NH,OH to dissolve the precipitate from the excess carbonate solu- 
tion as it did that from the excess nitrate solution, although the 
same amount of AgNO; was used in both instances, and the precipi- 
tate in the former was not twice as copious as that in the latter. This 
indicates the presence of Ag(NH3)2OH, which requires more am- 
monia to dissolve it than does (Ag(NHs)2)2COs. 

Three points were to be tested out: (a) the effect of silver diam- 
mino carbonate in pure solution; (b) that of silver diammino hy- 
droxid in pure solution; and (c) that of a mixture of the two. In 
all instances the reduction of the sections was unorthodox, buffered 
I per cent formalin being used instead of the usual plain neutral 
I per cent formalin. Otherwise the sections were toned, fixed and 
counterstained in the regular way. 

SILVER D1AMMINO CARBONATE: This was prepared as follows. 
An 8.1 per cent (1.2 M) solution of NH,OH was added dropwise 
to 10 cc. of 10.2 per cent (0.6 M) AgNO; until the brown precipitate 
was just dissolved. Then 10 cc. of a 3.1 per cent (0.3 M) solution of 
Na,CO; was added, without further precipitation occurring. The 
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solution was then made up to 50 cc. and 100 cc. concentrations with 
distilled water. 


Explanation: The formula of the ion Ag(NH3)2+ requires a molecular con- 
centration of NH,OH twice that of AgNOs, or 1.2 M in this instance. Stock 
NH.OH has a specific gravity of 0.9 and a percentage content of 28-29 per cent 
(both noted on the label by the manufacturer). One cc. of this, then, con- 
tains 0.28 X 0.9 = 0.252 gm., the molecular weight is 17 and a 1.2 M solution 
would contain 2.04 gm. per 100 cc. Dividing 2.04 by 0.252 we get 8.09 cc. of 
the stock solution to 100 cc. of distilled water; I used 8.1 per cent as being near 


enough for practical purposes. 


SILVER D1aMMINO Hyproxip: The procedure in this case was the 
same as that in the preceding; only 10 cc. of 3.1 per cent NaOH re- 
placed the Na,CO; and differed from it in that it produced a repre- 
cipitation that required additional NH,OH before it became dis- 
solved. 


Explanation: The NaOH solution was prepared by making up a 50 per cent 
solution of NaOH in the hot, allowing it to cool and centrifugating off the pure 
solution from the impurity of NazCO; that settles out at this concentration. A 
0.6 M solution is needed, as the valence is the same as that of AgNO3. The 
specific gravity of the 50 per cent solution, as given by Kubie and Davidson, is 
1.53; this, times the percentage, equals 0.77 gm. per cc. The molecular weight 
of NaOH is 40; this, times 0.6 = 2.4 gm. per 100 cc., which, divided by 0.77 = 
3.1 per cent. 


A third solution was made up according to the NagCO; technic, 
but twice the molecular amount of Na:CO; was added in order to 
afford an excess of Na,CO; over AgNO3. This caused no precipitate. 
A fourth solution was prepared with an excess of NaOH over AgNOs, 
to test the effect of this. 

Sections were impregnated in all four solutions, on several oc- 
casions, with fresh solutions for each test. The bath was warmed 
to 45° C in a test-tube, poured into a cold phial, and the sections were 
then put into this and kept in an incubator at 38° C for 30 minutes. 
The sections in the excess hydroxid bath turned very dark brown, 
those in the balanced hydroxid bath a deep tobacco brown, those in 
the balanced carbonate bath a fox red, and those in the carbonate 
excess bath tobacco brown. Reduction in buffered 1 per cent forma- 
lin turned them almost black, olive brown, ochraceous brown, and 
dark ochraceous brown, respectively. In the gold bath they became 
black, violet, violet or ultramarine blue, and slate gray, respectively. 
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The hydroxid sections showed a deep mourning-band of black or 
dark violet where the cortex lay, a lighter color in the white matter; 
the carbonate sections were more evenly and uniformly colored. 

Under the microscope it was seen that the hydroxid set differed 
markedly from the carbonate set; in the former the astrocytes were 
uniformly and beautifully shown wherever they might be, and the 
nerve cells and their dendrites came out clearly (Figs. 3, 4 and 5), 
while the oligodendroglia and microglia were not specifically impreg- 
nated (see later discussion) ; in the latter, where pure (Ag(NHs)2)2COs 
was used, the reverse was true (Figs. 6 and 7), the microglia and oli- 
godendroglia being excellently demonstrated, the astrocytes and 
nerve cells feebly, or not at all. In the excess NaOH set, the im- 
pregnation was too dense, tended to incrust the cells with silver and 
to show troublesome precipitates; in the excess Na2CO; set an inter- 
mediate picture was obtained, in which neither group of elements 
was as well shown as in the case where pure Ag(NHs)2 + salts were 
used. With a little juggling in development these intermediate 
pictures could be improved, but never made as perfect as the others. 
One gains the impression that Ag(NH;)20H has the greater speci- 
ficity for astrocytes, while (Ag(NHs),)2CO; tends to pick out the 
oligodendroglia and microglia. The 50 cc. concentration of the 
latter solution is somewhat superior for that purpose to the 100 cc. 

Before leaving the subject of impregnation, it will be well to point 
out the influence of temperature on the process; it is found that 
body temperature is better suited to the purpose than greater heat, 
for hot solutions produce precipitates and incrustations that are 
very misleading. It has been found that a room temperature solu- 
tion of the hydroxid will give an impregnation quite similar to that 
obtained with the warm carbonate. As a rule, a weak bath gives 
better penetration and more uniform results than a strong one, the 
impregnation of the microglia being an exception, for these cells come 
out more strongly and surely if the solutions have been diluted only 
to 50 cc. 

The “equimolecular” method gives much more uniform results, 
both in regard to certainty and to uniform impregnation throughout 
the section. One gains the impression that the hydroxid solution is 
generally superior to the carbonate, giving one greater latitude. It 
is a mistake to suppose that “spotty” sections are a necessary evil; 


they are usually a sign that something is wrong. If the reader pre- 
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fers the classic methods, he should be very careful not to dissolve 
the precipitate of AgxCO; or Ag,O completely; otherwise poor re- 
sults, or none at all, will follow. It is also always advisable to use 
doubly distilled water; I redistilled all the water used in these ex- 
periments out of a glass apparatus, after it had been distilled through 
a metal one. 

Reduction: Varied effects may be obtained by varying the con- 
centration of neutral formalin used for developing the sections, but 
as these are fully described by Penfield and Cone, we need not 
consider them here. In experimenting with the various formalin 
reducers, ordinary commerical 40 per cent formalin (acid to litmus 
paper and diluted to 1 per cent), 1 per cent formalin from a 4o per 
cent solution kept over CaCO;, and 1 per cent formalin slightly 
acidified with acetic acid were all tested out. The neutral formalin 
alone gave satisfactory results and is a requisite for successful 
impregnation. 

Kubie and Davidson point out that silver diammino carbonate 
is not only more stable than silver diammino hydroxid, but it pro- 
duces better impregnation (when reduced with neutral formalin) 
than does the hydroxid, owing to the presence of the CO; — ion, 
which buffers the formalin and prevents the formation of formic 
acid. In reducing silver salts, formalin becomes oxidized to that 
acid, which is in turn an effective stop to further development, or 
reduction. Penfield® recommends soaking sections in 5 per cent 
Na,CO; for an hour or more before attempting to impregnate the 
oligodendroglia and microglia, as he considers that the carbonate 
acts as a “‘mordant”’; at all events it improves the impregnation. 
Putting these two facts together, I experimented with buffered so- 
lutions of formalin, following impregnation with the silver salts; 
the results were as satisfactory as they were illuminating. 

If 0.5 cc. of 1 per cent NasCO; be added to 24.5 cc. of 1 per cent 
neutral formalin, a marked change in the reduction will immediately 
be evident; the presence of as little as 0.0002 per cent of the car- 
bonate prolongs the reducing action of the formalin, produces a 
darker reduction and causes the emission of clouds of blackish 
precipitate from the sections, which should, therefore, be kept in 
motion. If no carbonate be used, these phenomena are not noted. 
The intensity of reduction, as observed under the microscope, will 
be found to have been much increased by buffering the developer. 
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If 5 cc. of 1 per cent Na,CO; be added to 20 cc. of 1 per cent formalin 
(a concentration of 0.002 per cent) still greater changes will be seen; 
the sections are darker, denser, more evenly shaded throughout, 
and their color remains brown, although slightly intensified and 
deeper. If equal quantities of Na,CO; and formalin (both 1 per 
cent) be mixed, or if the percentage of both be doubled so as to make 
a I per cent solution, the sections will become still deeper in general 
intensity and much redder brown; this percentage of buffer is far 
too high for good results. In other words, one must get approxi- 
mately the proper degree of alkalinity in order to obtain the proper 
degree of reduction. 

The changes due to the presence of the buffer are even more 
marked when the sections are examined microscopically; if from 
0.5 to 2.0 cc. 1 per cent Na,CO; (0.0002 per cent — 0.0008 per cent) 
have been added, it will be found that the microglia and oligoden- 
droglia have been impregnated with (Ag(NHs3)2)2CO; solution, 
where controls in unbuffered formalin fail to demonstrate them 
satisfactorily; the fibrils of the astrocytes, in sections impregnated 
with Ag(NH;).0H, will be less heavily incrusted with silver, but 
much more successfully and continuously demonstrable. Ten to 
fifteen drops of 1 per cent Na,CO; from a bottle that delivered 1 cc. 
for each 10 drops, was found to be the most practical addition, and 
fifteen was the standard for most of these experiments. This is a 
concentration of 0.0006 per cent of Na,CO3;; by increasing this to 
0.002 per cent, or 5 cc. to 20 cc. of 1 per cent formalin, the following 
changes were observed microscopically: the background of the 
section, composed of neurofibrillae and almost suppressed by the 
bromuration, again became visible although the definition of the 
fibers was never comparable to that in unbromurated sections 
(Fig. 8); the neuroglia was less intensely impregnated, its fibers 
were brownish rather than black when toned in gold and the impreg- 
nation approached a stain in its appearance. In sections reduced 
with unbuffered formalin the fibrillary astrocytes tended to show 
a pale area where the body should be and the fibers were incrusted 
with silver; in properly buffered reductions the fibers remained 
black, but the body of the cell and its protoplasmic processes were 
brought out as is well shown in Figs. 3 and 5; if over-buffered re- 
ducer was used, the cells appeared as though stained with a brown 
dye and the fibrils were more delicate and less sharply defined. In 
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properly-buffered sections only, may one expect to impregnate the 
oligodendroglia and microglia with any degree of uniformity. 

Liesegang,’ in his analysis of the Bielschowsky and Cajal impreg- 
nations, states categorically that alkali must not be added to the 
developer (hydrochinon in that case). This would seem to apply 
only to the procedure he was investigating and to the impregnation 
of unbromurated sections, which I have found to be unimproved by 
reduction with buffered formalin. 

To sum up the results of this section on reduction: we may say 
that the buffering of the formalin developer produces “softer” pic- 
tures than the more “contrasty” or harsh results seen after using 
unbuffered neutral formalin. The reader may try out the method 
and produce the effect he desires, just as the photographer experi- 
ments with “soft,” “normal,” or “contrasty” developers, plates or 
papers. One effect of buffering the developer should be stressed, the 
avoidance of incrustation. If the dendrites and fibrils of a cell come 
out delicate, clear-cut and continuous from the cell-body to their 
extremities in buffered solutions, but show heavy, uneven and inter- 
rupted outlines (possibly stippled) after buffered reduction, which 
is more likely to be a normal impregnation and the picture of normal 
structures, and which an incrustation, or silver deposit, upon such 
structures? The answer is obvious, and for this reason we must 
guard against producing artifacts in our desire to get black-and- 
white sections. 

We may assume from what has just been said, that Penfield’s 
“‘mordant” was, in reality, a buffer that was carried through the 
silver bath in the interstices of the tissue and acted upon the neutral 
formalin into which the sections were transferred directly, causing 
it to retain its reducing power for a longer time. A chemist, reading 
this paper, may be able to explain why the presence of Na,CO; in 
the developer tends more and more to bring back the impregnability 
of the neurofibrillae as its concentration is increased. In some un- 
explained fashion it offsets the effect of bromuration. 

Gold Toning: As Penfield has experimented with the two gold 
chlorids used for toning (ordinary “yellow ” and ‘brown, acid”) it 
was thought to be unnecessary to repeat his work. The brown, acid 
chlorid was used, as it happened to be in stock; it is more expensive 
and, according to Penfield, gives no better results than the yellow, 
if as good; it is, however, quite satisfactory if the solution be fre- 
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quently renewed as it pales off in color. When definitely pale, it 
should be discarded and a fresh golden yellow solution substituted; 
it takes but a few batches of frozen sections to exhaust the gold 
chlorid from this very weak (1:500) bath. 

As Hortega’s ‘‘gold sublimate” method gives good results in im- 
pregnating astrocytes, it was thought that the addition of 0.5 per 
cent HgCl, might improve the toning of their processes and it was 
therefore used in a few instances; the results were in no way superior 
to those obtained without the use of 0.5 per cent HgCh, in fact they 
tended to be distinctly ‘‘muddy ” and to produce incrustation of the 
fibrils. If unbuffered formalin was used for the developer, the 
mercury did improve the picture somewhat, making it more precise, 
but the buffered solution is so superior to the unbuffered that this 
is without significance. 

Fixation: No change was made in the usual method of fixing the 
sections in 5 per cent Na,S,O; (sodium thiosulphate, or “‘hypo”); 
it seems to be thoroughly reliable and stabilized. 

Counterstaining: In all cases a counterstain with Harris’s hema- 
toxylin (5 minutes), followed by a thorough wash in tap water and 
a second counterstain in Van Gieson’s stain, was employed, after 
attaching the sections to slides by the Mallory and Wright celloidin 
technic. The silver impregnation tends to give very uneven nuclear 
pictures, and this tendency is offset by the hematoxylin and nuclear 
detail rendered uniform, while the Van Gieson stain affords a back- 
ground that aids ocular inspection and is very useful in photo- 
micrography. The extra 30 seconds entails little loss of time, and the 
acid fuchsin, by staining the vessels and meninges red, affords valu- 
able landmarks. Liesegang, too, stresses the value of counter- 
staining with toluidin blue. These counterstains interfere with the 
silver impregnation in no way, unless they produce unpleasant color 
combinations or their actinic value be unsuitable for the photo- 
graphic plate. 


DISCUSSION 


An extended discussion of the results of these experiments would 
be beside the point; up to the present we have found out very little 
of a definitely proved nature about the true explanation of the 
chemistry of silver impregnation. Liesegang’s article and that by 
Kubie and Davidson stand practically alone in the literature. The 
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former, it would seem, does very little actual explaining; its author 
draws an ingenious parallel between brain sections and photographic 
plates, impregnation being the establishment of “‘silver-centers” 
(‘‘Silberkeime”’) analogous to the “‘sub-salts” produced by the ex- 
posure of a photographic plate to light. Upon these premises he 
builds up a parallel between the two processes, and one must admit 
that it appears to be justified; but of proof there is not a shred, the 
process in the section remains just as empirical as the chemistry of 
silver salts exposed to light. Liesegang points out that partially re- 
duced silver salts are brown, as the sections become brown in the 
silver baths they are impregnated with partially reduced silver; de- 
velopment uses the foci of partially reduced silver as centers upon 
which to deposit more completely reduced metal from the salts that 
have permeated the tissue. As Kubie and Davidson have shown, 
the preliminary partial reduction is more prompt and extensive in 
the case of Ag(NH;).OH than it is in that of (Ag(NH3)2)2 COs, 
which is proved by darker brown sections in the former, redder and 
lighter brown in the latter instance; furthermore, we know that 
the former is more unstable than the latter. These authors have 
performed a number of very interesting experiments to show the 
difference in behavior of the two. While Liesegang’s alluring parallel 
is very interesting it overlooks the fact that may be of vital impor- 
tance in distinguishing between the two processes, photographic and 
histologic; the partially reduced “‘sub-salts” in the photographic 
plate, after exposure to light, are quite indistinguishable from the 
unreduced salts — there is no visible picture until reduction with 
developer is complete. In the histologic process the partially re- 
duced salts are so visible that the sections that they impregnate 
might be used for certain purposes of observation; they are essen- 
tially sections stained browner in some areas than in others. This 
point may be totally unimportant, or it may be the reverse. 

The experiments described in the body of this paper have adduced 
a few interesting facts. There appears, for instance, to be a rela- 
tively greater affinity for silver diammino hydroxid on the part of 
the astrocytes and ganglion, or nerve cells, and for the diammino 
carbonate on that of the oligodendroglia and microglia; whether it 
depends (as seems likely) upon the difference in the relative in- 
stability of the hydroxid as compared with the stability of the car- 
bonate, or upon the difference in the OH— and CO;— ions, remains 
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to be seen. Besides this, two more points have been brought out: 
the superiority of using equimolecular solutions as recommended 
by Kubie and Davidson and the value of adding a buffer to the 
formalin developer. If the histologist will follow Kubie and David- 
son in making up his solutions, he will be saved a great deal of 
trouble and avoid many pitfalls; it is not absolutely necessary to 
use microburets and paraffined bottles, although admittedly safer 
and more accurate; if the solutions be made up with approximate 
accuracy and mixed together in trustworthy graduates, the results 
will be vastly more constant and satisfactory than they will be if 
one employs the hit-or-miss methods now in use, with now a slight 
excess here, now a slight deficiency there. 

It is just as easy and simple to make up a 10.2 per cent solution of 
AgNO; as it is to prepare a 10 per cent solution, just as easy and 
far more satisfactory to prepare an 8.1 per cent solution of NHsOH 
than to drop in a strong solution (percentage unknown if it has stood 
a while with the dropping-stopper left with its ducts open) or a 
“dilute solution” of unknown concentration. A glance at my analy- 
sis of the Hortega formulae will show how inaccurate one might be 
in making up a solution according to the Kubie and Davidson formu- 
lae and still come much closer to molecular equilibrium. This is 
not, be it understood, intended as a criticism of Hortega’s invaluable 
contributions to our technical knowledge; it is merely a plea for 
more accuracy in compounding the reagents used in the methods 
that he and his colleagues have so brilliantly devised. 

The use of buffered formalin for developing impregnated sections 
is a comparatively insignificant contribution, but it will be found to 
have its advantages; it permits one to control contrasts in the final 
picture and renders pretreatment of sections with NazCO; unnec- 
essary when impregnating oligodendroglia and microglia. It is 
best to keep down the quantity of Na,COs; used as a buffer to the 
minimum compatible with good results (overbuffering prevents 
complete reduction just as underbuffering does) ; it is probable that 
someone, reading this, may work out the proper hydrogen ion con- 
centration for the developer. Sometimes, when there is extreme 
gliosis, or in dense gliomas, it may be desirable to overbuffer the 
developer in order to bring out detail; the results may be inferior 
under the microscope, but they are often superior on the photo- 
graphic plate, using monochromatic light (Wratton B + G filters) 
of a yellowish green color. 
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In all this work, frozen sections are essential for success; the 
use of alcohol and chloroform in embedding in paraffin appears to 
preclude successful impregnation. Liesegang mentions that alcohol, 
and ether to a greater extent, prevents the impregnation of brain 
tissue with silver salts; I noted the same fact independently last 
year, in connection with the impregnation of the connective tissue 
reticulum (Foot *). The alcohol seems to change the potential of 
the tissue, by displacing the formalin, for frozen sections fixed or 
treated with alcohol and found to be unimpregnable became readily 
impregnated after they had been refixed in formalin. Liesegang 
gives a similar explanation. Whether we shall be able, after embed- 
ding and sectioning material in paraffin, to bring back the power of 
the tissue to reduce silver partially and permit successful impreg- 
nation, remains to be tried out experimentally; the removal of most 
of the lipins from cerebral tissue by the extraction that is a con- 
comitant of paraffin embedding may prove to be the chief obstacle. 
Although many, myself among them, have already attempted to 
impregnate paraffin sections of brain, the results have thus far been 
worse than mediocre. 

CONCLUSIONS 


1. The technic recommended by Kubie and Davidson, of the 
Rockefeller Institute, for preparing solutions of ammoniacal silver 
salts for the impregnation of brain tissue has been found, on trial, 
to give results commensurate with its chemically correct basis and 
far superior to those obtained by using the more roughly prepared 
solutions now in general vogue. 

2. It is found that silver diammino hydroxid gives beautiful re- 
sults in the impregnation of astrocytes, while silver diammino car- 
bonate concentrates chiefly upon the oligodendroglia and microglia. 
If mixtures of both salts are used, as is the case in most of the inac- 
curate methods now employed, the impregnation is of a more general 
nature, but inferior in its specificity to that obtained through the 
use of pure salts. 

3. If the 1 per cent neutral formalin in general use for developing 
sections impregnated with either of these double salts be buffered 
with a little sodium carbonate, a definite improvement in the devel- 
opment of the sections follows; the impregnation is more uniform, 
freer from incrustations and precipitates and shows more precise 
definition of the neuroglia. 
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4. No one method is recommended, the reader being left to draw 
his own conclusions and choose for himself that technic which will 
suit his particular needs; it is considered that the subject is fully 
enough set forth to afford him an opportunity for devising his own 
procedure. The excellence of silver diammino hydroxid should, 
however, be stressed. 


Norte: All the photomicrographs were taken by Mr. J. B. Homan, 
of the Department of Medical Art, with the collaboration of the 
author. They represent a magnification of X 800 diameters. In 
every instance the sections were counterstained with Harris’s 
hematoxylin and Van Gieson’s stain. 
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DESCRIPTION OF PLATES 


PLATE 47 


. 1. A field that should show astrocytes, impregnated with ammoniacal 
silver carbonate made up according to Hortega’s first formula with lithium 
carbonate, after direct transfer of the sections from a wash in distilled 
water following hydrobromic acid, omitting Cajal’s fixative. 

. 2. The same type of field, from the same case (3), following the same 
technic but interpolating an overnight soaking in Cajal’s fixative. The 
astrocytes and their fibrils become apparent, although not particularly well 
impregnated in this instance. 
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PLATE 48 


Fic. 3. Large-bodied astrocytes, resembling “‘irritation forms” seen in gliosis, 
impregnated with ammoniacal silver hydroxid. White matter of cerebral 
cortex in Case 1. 


Fic. 4. Fibrillary astrocytes impregnated by “Hortega weak ammoniacal silver 
carbonate” method and developed with buffered formalin. The fairly 


good impregnation presumably depends upon the presence of silver diam- 
mino hydroxid, due to excess sodium carbonate. Case 3. 
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PLATE 49 


Fic. 5. Fibrillary astrocytes impregnated with pure silver diammino hydroxid 
and developed with buffered formalin; note the greater precision, the more 
delicate and truthful rendition of the fibrillae and the general uniformity 
of the background. Case 3. 


. 6. Oligodendroglia in the cortex of Case 1. These are the small, dark cells 
at the center of the field, with peculiarly shaped dendrites that tend to fan 
out at their extremities. One with four processes is seen at the right and 
somewhat below center. Impregnated with pure silver diammino car- 
bonate (K. and D. method) and developed with buffered formalin. 
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PLATE 50 


. 7. Microglia in the same case, impregnated in the same manner. Two, 
with their complex dendrites, are well shown at the center, two others at- 
tached to small vessels, one at the left, the other below near the middle. 
Others are less distinctly seen. In the upper right corner is an oligodendro- 
glia satellite cell associated with a nerve cell; another, showing ‘“‘acute 
swelling,” is seen below the vessel at the left and resembles a rosette about 
a central plaque (the nucleus). 


.8. The effect of strong buffer, 0.002 per cent sodium carbonate, in contrast 
to 0.0002 per cent in all the preceding pictures. Note the reappearance of 
the neurofibrillae, which were suppressed in the other cases. Indications 
of astrocytes are to be seen here and there, but there is great confusion of 
neuroglia and neurofibrillae. This is one of the sections impregnated by 
the Kubie and Davidson silver diammino carbonate solution in which the 
effect of an excess of sodium carbonate was tested out. Case 3. 
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SILVER STAINING OF THE SKIN AND OF ITS TUMORS * 


GerorcE F. LawLaw 


(From the Laboratories of the Department of Surgery, College of Physicians and Surgeons, 
Columbia University, New York, N. Y.) 


Long known as a capricious staining substance, silver does not 
always deserve this reputation. Provided that certain conditions 
are fulfilled, silver staining becomes as simple and as certain as the 
staining of nuclei with hematoxylin; at least, this is true of the 
peripheral nervous system, of the skin, and of the argyrophil ¢ 
reticula generally. 

The conditions are: (1) suitable fixation; (2) suitable mordanting; 
(3) the use of silver solutions ten to twenty times stronger than 
those in vogue. 

The fixative determines the result of the stain. When the silver 
worker has grasped this principle, half of his difficulties disappear. 
Differential silver staining might well be called differential fixation, 
for a given silver stain will produce quite different effects according 
to the fixative employed. This paper will deal with the application 
of these principles to the skin and to tumors of the skin, the fixa- 
tives selected being Bouin’s fluid and neutral formol. The resulting 
preparations will be described separately, for these fixatives are not 
interchangeable. 

Bouin FIXATION 


Figure 1 illustrates a paraffin section of normal skin that has 
been (1) fixed in Bouin’s fluid; (2) mordanted with the Mallory 
bleach; (3) stained with del Rio-Hortega’s lithium silver made ten 
times stronger than the original formula. 

The epithelial cells hold the stain, not only the surface epithelia 
but also those of the hair follicles, the sebaceous glands and the 
sweat glands. The staining of the epithelia is peculiar in that only 
the cytoplasm is colored; the nuclei are colorless. This is a constant 
feature of Bouin-fixed tissue, both normal and pathological. 

There is a curious exception to the positive staining of the epithe- 
lia. The basal layer does not stain; it looks as if the epithelium had 

* Received for publication April 10, 1929. | 


¢ Schiefferdecker’s popular word argentophil is a hybrid. Professor Schaffer points 
out that the correct form is argyrophil, which he attributes to Merk, 1899. 
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separated from the corium, but counterstains show that the basal 
cells are in place. Unna noted the same thing in his permanganate 
stain for reduction points. 

On examination of the corium beneath the epithelia, in the actual 
section the most striking feature is the reddish purple collagen with | 
its fine graining, indicating the ultimate fibrillae. Here and there, 
traced in black, are the delicate reticula of the arrector pili muscles, 
of the walls of the vessels, of the sheaths of the sweat glands and of 
the nerve fibers. Only the high magnification of an immersion lens 
brings out the full beauty of these silver collagen stains, presenting 
the fine lines and sharp contrasts of an engraving. 

Our first conclusion is that we have here a good collagen-reticulum 
stain. In truth, it is one of the shortest, simplest and most constant; 
but it is more than this. In contrast to the prominent epithelia, 
note that every cell native to the corium has vanished; fibroblasts, 
mast cells, endothelia of the vessels, smooth muscle cells of the ves- 
sels and of the arrector pili muscles, all are gone. When we recall 
that the epithelia are ectodermic and that the vanished cells of the 
corium are of mesodermic origin, we begin to perceive the selective 
possibilities of this technique. 


TUMORS 


It is interesting to observe this differential staining of ectodermic 
and mesodermic cells continued in their progeny as they form tumors 
in the skin. The daughter cells are true to type. In tumors of meso- 
dermic origin, fibromata, angiomata, lipomata and myomata, all 
cells disappear, leaving the reticula clearly outlined in black. In 
ectodermic tumors, adenoma, papilloma and epithelioma, the epithe- 
lial cytoplasm holds the stain, while the mesodermic cells of the 
interstitial tissue disappear; that is, the descendants of the fibro- 
blasts disappear, lymphocytes remain, as will be related under 
sarcoma. 

The sarcomas present a more complex problem, which will be 
discussed in a future paper. Still, workers wishing to experiment 
with this technique may be interested in our tentative conclusions 
in this none too well illuminated subject. Sarcoma, of course, is a 
mesodermic tumor, and one would say that if this technique is truly 
selective the sarcoma cells should be silver-negative. In the embryo, 
however, the mesodermic cells differentiate in two directions. One 
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line forms the framework of the body; these cells descend as fibro- 
blasts, osteoblasts, vessel endothelia and, eventually, fibroblastic 
sarcoma and osteogenic sarcoma. With Bouin fixation, this lineage, 
from the simple fibroblast to the fibroblastic and osteogenic sar- 
coma, is silver-negative. In the other line, the mesodermic cells dif- 
ferentiate into blood- and lymph-forming tissues, red cells, bone 
marrow, spleen, lymphatic tissues, lymphocytes and leucocytes, 
continuing under favoring conditions as lymphosarcoma and sar- 
coma of bone marrow. In Bouin-fixed tissue, this lineage, from 
beginning to end, is silver-positive. 

Holding rigorously to the principle that function determines 
structure, Menetrier long ago divided the sarcomas into these two 
groups. It is curious to see how this selective silver technique dupli- 
cates his functional grouping in every detail. 

Of the Rous chicken sarcomas thus far examined, the cells are 
silver-positive, agreeing with Carrel’s observation that they spring 
from macrophages and not from fibroblasts. 

In sarcomas of every kind, giant cells are positive, as they are in 
tuberculosis, in nevi and wherever found. 


NERVES AND NERVE TUMORS 


The nerves of the skin present a special problem. With this 
technique, the axis cylinders, the neurokeratin of the myelin sheath, 
and the Schwann cells are constantly negative. This picture does 
not harmonize with Harrison’s well known experiment which seems 
to prove that the Schwann cells are derived from the ectodermic 
neural crest. We may recall, on the one hand, that the basal cells 
of the epidermis are silver-negative and, on the other hand, that 
more than one keen observer has asserted the mesodermic origin 
of the Schwann cells (quoted by Cajal, page 203). The question 
cannot yet be regarded as settled beyond dispute. 

On the peripheral nerves there occurs a puzzling tumor, known 
in this country as perineurial fibroblastoma, sometimes as neuro- 
sarcoma, and held to be derived from the fibroblasts of the nerve 
sheaths. Most European pathologists call it Schwannoma or periph- 
eral glioma and derive it from the Schwann cells, the “peripheral 
neuroglia.” The cells of this tumor are silver-negative, not throwing 
much light on their disputed origin; for both the Schwann cells and 
the fibroblasts are silver-negative also. 


LAIDLAW 


ForMoL FIXATION 


Figure 2 shows a paraffin section of the same skin fixed in 10 per 
cent neutral formol. Bearing in mind our maxim that the fixative 
determines the result of the stain, we should expect this fixative 
to produce a different result from Bouin; and so it does. As with 
Bouin fixation, the epithelia take the stain; but, in formol fixation, 
it is the nuclei that are black, while the cytoplasm is colorless. This 
epithelial nuclear selection is constant in formol-fixed tissue, both 
normal and pathological, from all parts of the body. 

On examination of the corium, we seem at first sight to have the 
same picture as with Bouin, the mesodermic cells having vanished. 
On closer examination, we see that formol fixation makes a further 
differentiation in the corium. The endothelia of many of the vessels, 
the smooth muscle cells of the vessels and of the arrector pili 
muscles hold the stain, or, at least, their nuclei do, following the rule 
of formol fixation. This curious differentiation in the corium is fre- 
quent but not constant. 

Tumors fixed in formol follow the general lines of Bouin fixation 
in differentiating between epithelia and mesoblastic cells and be- 
tween structural and blood-forming mesoderm; but the results are 
not so constant as with Bouin fixation. The question merits further 
study. 

DISCUSSION 


Of all the sharp eyes that have studied silver preparations, those 
of the Spanish master, del Rio-Hortega, seem to have been the only 
ones to detect the differential staining of the epithelia and the con- 
nective tissue cells. In his paper on various methods for staining 
the connective tissue reticulum, using formol fixation, occurs this 
phrase: 

“Los protoplasmas de las células epiteliales (especialmente 
epidérmicas), del higado, suprarrenal, rifion, células ciandfilas, etc., 
muéstranse difusamente tefiidos, contrastando su tincién con la 
incolorabilidad de los elementos conjuntivos normales.”’ The illus- 
trious scientist of Madrid does not seem to have pursued the matter 
further. 

The silver negativity of the basal epithelia and of the Schwann 
cells and the division of the mesenchyme into silver-positive and 
silver-negative lines show that the principle of embryonic origins 
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cannot be applied too strictly. Function rather than embryological 
origin may determine the reaction; in fact, if we exclude collagen, 
a feeble reducer, the reaction of the cells to silver parallels the re- 
duction staining so thoroughly studied by Unna. Whatever the 
explanation, it seems that when, in the course of its development, 
a cell has acquired a positive or negative silver relation, its retention 
of that quality through many pathological vicissitudes enables us 
to recognize that cell when found far from its natural habitat and in 
activities that seem foreign to its nature. 


TECHNIQUE 


1. Fix in Bouin for 3 days or in 10 per cent neutral formol for 3 
days. Old formol material may be improved by immersion in fresh 
neutral formol for 3 days. Formol-fixed tissue immersed in Bouin 
for 3 days will give nearly perfect but not quite perfect Bouin pic- 
tures; a positive endothelial or smooth muscle nucleus here and 
there betrays the original formol fixation. 

2. Embed in paraffin or celloidin; or make frozen sections. 

3. Stick paraffin sections on the slide with Masson’s gelatin glue 
and harden in hot formol fumes; sections so treated seldom float 
off. 

4. After removal of the paraffin, wash Bouin sections in running 
water for 20 minutes to remove the picric acid; wash formol sec- 
tions for 5 minutes. 

5. Mordant with the Mallory bleach. Tissue recently fixed in 
formol (2 to 10 days) often gives the reaction without mordanting, 
but not constantly. 

(a) 1 per cent tincture of iodin, 3 minutes; rinse in tap water. 

(b) 5 per cent hypo (sodium thiosulphate), 3 minutes; rinse in tap 

water. 

(c) 3 per cent potassium permanganate, 3 minutes; rinse in tap 

water. 

(d) 5 per cent oxalic acid, 3 minutes; wash well in running water 

for 10 minutes. 

6. Distilled water; change 3 times within 5 or 10 minutes to en- 
sure clean slides entering the silver solution. 

7. Rio-Hortega’s lithium silver augmented to 10 per cent. Heat 
the stock solution in the oven to 50° C and stain in the oven 
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for 5 minutes. We filter the used solution into a glass-stoppered 
bottle and use it a dozen times or more. 

8. Rinse the slides by pouring distilled water over both sides. 

9. Formol, 1 per cent in tap water; flood the sections frequently 
for 3 minutes. 

10. Rinse both sides of the slide with distilled water. 

11. Yellow gold chlorid, 1 to 500 of distilled water in a Coplin 
jar; immerse the slides at room temperature for 1o minutes. The 
gold solution may be used many times. 

12. Rinse both sides of the slide with distilled water. 

13. Oxalic acid 5 per cent; pour on slide and leave for 10 minutes. 

14. Rinse with distilled water. 

15. Hypo, 5 per cent; pour on slide. Change as often as it be- 
comes turbid for 10 minutes. 

16. Wash well in running water. Counterstain if desired and 
mount in balsam. 

The times advised are those that have given us the clearest pic- 
tures in the shortest time, but this is not a finical technique; the 
time of the different steps may vary widely without affecting the 
result. The Mallory bleach solutions and the formol may be left 
on the slides for an hour or more without harm. Even the silver 
solution may vary in strength from 2 per cent to 15 per cent, the 
time in silver from 2 to 10 minutes and the temperature of the silver 
solution from room temperature (20 minutes) to 60° C; though the 
longer times and the higher temperatures are likely to give precipi- 
tates and dirty slides. After the formol, the slides may be left over- 
night in gold or in oxalic acid; and at any point in the technique 
the slides may be left overnight or over Sunday in distilled water or 
in tap water. In fact, some of us believe that counterstaining is 
better if the slides are left in tap water overnight between the hypo 
and the counterstain. 


HISTORICAL NOTE 


The use of potassium permanganate followed by a reducer en- 
tered histological practice in 1885, when Lustgarten borrowed it 
from the dyeing industry. In the next year Pal adopted it in his 
modification of Weigert’s myelin stain, changing the reducer from 
sulphurous acid to a mixture of oxalic acid and potassium sulphite. 


| 


SILVER STAINING OF SKIN AND TUMORS 245 


In both instances the reaction was used after staining to differentiate 
overstained tissue. 

The use of permanganate and oxalic acid as a mordant before 
staining begins with Weigert’s neuroglia and fibrin techniques in 
1895. Against much opposition, Weigert remained convinced of the 
necessity of “oxidation and reduction” as a preparation for staining 
neuroglia and all other tissue difficult to stain. In 1898, Rosenthal 
applied the new Weigert neuroglia technique to a Zenker-fixed 
tumor and necessarily preceded the bleach with iodin-alcohol extrac- 
tion of the mercury. In 1900, Mallory included the permanganate- 
oxalic acid mordant in his phosphotungstic acid neuroglia stain. In 
1908, he changed the fixative to Zenker and established the bleach 
as it has been used ever since in American laboratories to prepare 
Zenker sections for staining. 

All silver stains for reticulum go back to del Rio-Hortega, 
Maresch and Bielschowsky; but mordanting with permanganate 
and oxalic acid was not part of the original technique. It begins 
with Perdreau, in 1921, who mordanted formol sections with per- 
manganate and Pal’s decolorizer. In 1924, Foot advised the full 
Mallory bleach for paraffin sections of Zenker material. In 1925, 
del Rio-Hortega published his Variant C for reticulum, mordanting 
frozen sections of formol material with permanganate and oxalic 
acid; he mentions Biondi as using it in his adaptation of Cajal’s gold 
technique to connective tissue. 

The writer’s contributions are the use of the Mallory bleach as 
a mordant for Bouin-fixed tissue, the increase of lithium silver to 
10 per cent (indispensable for the reticulum 6n nerve fibers), and 
the intercalation of oxalic acid between the gold and the hypo. 


FORMULAS 


Bouin’s Fluid (Masson’s Formula): To 300 cc. tap water add 
100 cc. commercial formol and 20 cc. glacial acetic acid. Add an 
excess of picric acid. Shake frequently and keep an excess of picric 
acid in the fluid. Ready for use in 3 days and keeps indefinitely. 

Masson’s Gelatin Glue: Dissolve 0.05 gm. gelatin (in practice, a 
bit of ordinary sheet gelatin 5 millimeters square) in 20 cc. distilled 
water, warming it over the flame. Place a row of slides on the warm 
plate. Filter a large drop of gelatin solution on each slide and float 


a 


246 LAIDLAW 


the paraffin section on it. As soon as the section spreads, stand the 
slide upright to drain, holding the section for a moment in the de- 
sired place with a brush or needle. At this stage do not permit the 
section to dry; when the excess gelatin has drained off, blot the 
section and place immediately in the oven at 45 to 50° C in formol 
vapor, secured by leaving in the oven an open dish of formol. For 
staining with hematoxylin and anilin dyes, 20 minutes in the hot 
formol vapor is sufficient; for silver staining, leave the slides for 
several hours or, better, overnight. 

Ten Per Cent Lithium Silver (Modified del Rio-Hortega): To make 
120 cc. Ina 250 cc. glass-stoppered graduate, dissolve 12 gm. silver 
nitrate C. P. in 20 cc. distilled water. 

Add 230 cc. saturated solution lithium carbonate C. P. in dis- 
tilled water; shake well; let settle to about 70 cc. of precipitate; 
wash well with distilled water 3 or 4 times. 

After settling to about 70 cc. of precipitate, decant the wash- 
water; add aqua ammonia fortior, shaking constantly, until the 
fluid is almost clear. 

Add distilled water to a total of 120 cc.; shake and filter into 
stock bottle. The solution keeps for many months. It is so strong 
that a slight precipitate is negligible. 

Ordinary filter paper is apt to turn brown and discolor the solu- 
tion while filtering. Use Whatman filter paper No. 42 or No. 44 or 
Schleicher and Schiill No. 589. 


It is a pleasure to thank the many friends who have given the 
material for these observations, among them Professor Clarke, 
Director of the Laboratory, Professor Stout and Dr. Virginia Frantz; 
Professor Jobling and Dr. Kesten, of the Department of Pathology; 
Professor Hopkins, Dr. Machecek, of the Department of Derma- 
tology; Drs. Carrel and Ebeling, of the Rockefeller Institute; and 
Dr. Stewart, of the Memorial Hospital. The writer is especially 
indebted to Professor Ewing, who has given generously of his speci- 
mens, of his time, and of his rich experience. 
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DESCRIPTION OF PLATE 


PLATE 51 


Fic. 1. Normal skin fixed in Bouin. Epithelial nuclei and basal cells colorless; 
mesodermic cells of the corium colorless. X 500. 


Fic. 2. Normal skin fixed in neutral formol. Epithelial nuclei positive, cyto- 
plasm colorless; mesodermic cells of corium colorless. x 500. 
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Laidlaw Silver Staining of Skin and Tumors 


4 AMERICAN JOURNAL OF PATHOLOGY. VOL. V PLATE 51 


! 


MECONIUM ILEUS WITH CONGENITAL STENOSIS OF THE 
MAIN PANCREATIC DUCT * 


Borris A. Kornsuita, A.B., M.D., anp SApAo Orant, M.D. 
(From the Laboratories of the Mount Sinai Hospital, New York, N.Y.) 


This report concerns a case of intestinal obstruction in a newborn, 
a double perforation of the ascending colon with a superimposed 
peritonitis and the formation of a false diverticulum in the ileum, 
as a result of accumulated thickened meconium. Very few isolated 
cases have been reported in the literature (Landsteiner,! Fischer,’ 
Fanconi’). 
REPORT OF CASE 


Clinical History: R.C.,a female infant, was born at full term in a primipara 
after a normal gestation and normal delivery. The birth weight was 7 pounds, 
3 ounces. The child was breast fed six times a day at three hour intervals and 
was given water between feedings. For two days the child progressed well with 
the exception that no meconium passed. On the third day a moderate amount 
of distention was noted and the child vomited 20 minutes after feeding. During 
the third and fourth days, the distention became progressively more marked 
and the vomiting continued. Milk appeared in the mother’s breast on the fourth 
day. The infant was admitted to the service of Dr. Charles Elsberg on the 
fourth day because of progressive distention of the abdomen, continued vomit- 
ing for two days and failure to pass meconium since birth. 

Examination: This showed an acutely ill, drowsy, female infant with a 
markedly tympanitic, distended abdomen, over which the skin was tense and 
streaked by a number of prominent veins. The umbilical stump was clean and 
protruded as a black cord. The rectal examination was negative. There were 
no external congenital abnormalities. Temperature 98°, pulse 170. 

Course: Roentgenographic examination of the abdomen revealed the presence 
of free air in the peritoneal cavity with marked distention of the small intestine 
(Fig. 1). A diagnosis of intestinal perforation due to intestinal obstruction was 
made and the abdominal cavity was explored by Dr. P. Klingenstein. Upon 
incising the peritoneum there was a release of gas. The loops of the small in- 
testine were markedly distended and covered with a pasty brownish material. 
There were a number of distention ulcers and a Meckel’s diverticulum which 
showed no inflammation. The exploration was discontinued because of the 
child’s poor condition and drainage was instituted to the region of the cecum, 
where the greatest amount of reaction appeared. 

The postoperative course was extremely poor. The child repeatedly vomited 
small amounts of fecal-appearing material. A Murphy infusion was expelled. 
The child’s condition became progressively worse and death ensued seventeen 
hours postoperatively, three days after the onset of symptoms. 


* Received for publication December 3, 1928. 
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PATHOLOGICAL REPORT 


A necropsy was performed by Dr. Klemperer and Dr. Kornblith 
seventeen hours after death. An abstract of the protocol reads as 
follows: 

The body is that of a well developed, white, 5 day-old infant in 
incomplete rigor mortis. The umbilical cord appears as a 4 cm. 
black protrusion on the abdomen. There is no reaction about the 
base of the umbilical stump. The abdo:nen is tremendously dis- 
tended. There is a 5 cm. lower right rectus incision. At the lower 
angle of the wound, there is an ill-defined tract extending down to the 
region of the cecum. On opening the peritoneal cavity many loops 
of intestine are found loosely adherent to the anterior parietal 
peritoneum. Agglutinations are present about all the loops of in- 
testine. There are no abnormal bands; no volvulus or kinking of 
the gut. In the peritoneal cavity about 100 cc. of brownish green, 
fecal-appearing material is found either loosely or in pockets closed 
off by intestinal loops. The same material is present in the right 
lumbar gutter. There are fibrinous adhesions between the liver and 
the diaphragm, as well as between the spleen and the parietal 
peritoneum. 

Gastro-Intestinal Tract: The oesophageal mucosa is reddened and 
has a brownish, sticky, mucoid material on its surface. The stomach 
is moderately dilated and contains about 15 cc. of a loose, mucoid, 
brown, non-fecal-smelling material. The mucosa is edematous. The 
duodenum and jejunum are extremely distended to about six times 
the diameter of the normal lumen. Throughout its length, the in- 
testinal lumen is filled with meconium which is like putty in con- 
sistency. It is very tenacious and adheres very firmly to the mucosa, 
from which it can be separated only with difficulty, leaving a smooth 
surface. This same condition obtains in the proximal ileum, which 
in addition shows five ulcers on the antimesenteric border measur- 
ing 2.5 to 5 mm. in diameter. The ulcers are flat and extend through 
the mucosa and muscularis. Two of the ulcers actually perforate 
the serosa. At 27 cm. from the ileocecal junction, there is present 
a true Meckel’s diverticulum, which is conical in shape, about 1 cm. 
high and 1 cm. across the base. It possesses all the coats of the 
intestine and shows no inflammatory changes about it. Ten cm. 
distal to the diverticulum, i.e., 17 cm. from the ileocecal junction, 
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there is a defect in the serosa and muscularis which appears as a 
wedge-shaped, clear-cut area, through which there protrudes the 
mucosa of the ileum as a false, conical-shaped diverticulum about 
1 cm. high and 1 cm. across the base. It is tissue paper-thin and 
breaks on manipulation. There are fibrinous adhesions about it. 
The ileum, from the Meckel’s diverticulum to the cecum, feels 
thickened. On the mesial aspect of the ascending colon, about 1.5 
cm. from the ileocecal junction, there is a collection of brownish, 
granular material, partly walled off by adhesions. The wall of the 
ascending colon at this point shows a perforation 1.5 cm. in diameter. 
The edges of this perforation are everted. The mucosa protrudes 
through the opening in the serosa and muscularis. One cm. distal 
to this area on the ascending colon there is a similar perforation. 
The proximal half of the colon is considerably distended. Just be- 
yond the hepatic flexure it becomes collapsed. The area of transition 
is not abrupt. It extends over a distance of 2 cm. without any zone 
of demarcation. Here the tenacious brown intestinal contents are 
looser in consistency. Distally the colon is completely collapsed. 
It contains a fairly thick mucoid colorless material which bears no 
resemblance to meconium. The mucosa is untinged. The wall of 
the intestine is edematous throughout. In the region of the recto- 
sigmoid, there is a diffuse, submucosal hemorrhage for a distance of 
2cm. Nowhere is there any anatomical obstruction to the lumen of 
the gut (Fig. 2). 

Other Tissues: The lungs are markedly congested and atelectatic. 
The heart shows a patent foramen ovale. The liver shows no ab- 
normality. The gall-bladder contains a small amount of bile. The 
common duct can be probed without difficulty. The spleen is nega- 
tive. Both kidneys show uric acid infarcts. The adrenals are both 
large. On cut section, the zona reticularis is practically intact, ex- 
cept at the lower pole, where it shows beginning hemorrhage. 

Pathological Diagnoses: Meconium ileum; generalized meconium 
peritonitis; perforations of the ascending colon; perforation of a 
false diverticulum of the ileum; Meckel’s diverticulum; atelectasis 
of the lungs; uric acid infarcts of the kidneys; status after explora- 
tory laparotomy for intestinal obstruction. 
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HISTOLOGICAL EXAMINATION 


Sections taken from all parts of the intestinal tract for histological 
study reveal the following. 

Mucosa: The mucosa of the entire small intestine shows no ab- 
normality except in the region of the terminal ileum. Here it is 
very much flattened. At the sites of the tension ulcers, the mucosa 
is absent. At the false diverticulum, the outpouting mucosa is 
necrotic and contains a few lymphocytes and a number of bacteria. 
The mucosa of the entire colon is also markedly flattened out, es- 
pecially in the section of the collapsed descending colon. 

Submucosa: The submucosa throughout shows marked congestion 
with small hemorrhagic areas at irregular intervals and marked 
edema which extends through the major portion of the stroma. 

Circular Muscle: The circular muscle is widened throughout the 
course of the small intestine except at the tension ulcers, where 
the muscle fibers are narrowed, hyalinized and necrotic. In the as- 
cending colon the muscle fibers are compressed to about one-half 
of the diameter of the circular muscle in the descending colon, 
which appears normal. Throughout the intestine there are wide 
gaps in the muscularis through which the nutrient vessels penetrate 
to the submucosa. These gaps occasionally measure as much as 
the entire width of the intestinal muscle itself. 

Outer Longitudinal Muscular Layer and Serosa: These show 
marked edema. On the surface of the serosa there is a thin coat of 
a homogenously pink-staining amorphous substance and in places 
a thready granular material containing some fat and bile pigment — 
apparently adherent meconium. 

Leucocyte Reaction: There is no polymorphonuclear leucocytic 
reaction in any part of the intestine, although there is an increase of 
mononuclear cells within the intestinal wall at the site of the tension 
ulcers. However, both gram positive and gram negative bacilli and 
cocci of various types are present upon the serosa. 

A section through the tension ulcer shows an abrupt interruption 
of the mucosa. The submucosa is hemorrhagic and its structure is 
unrecognizable. The muscularis contains a few bacilli and a number 
of mononuclear infiltrations. 

Nerves: The sympathetic ganglia around the celiac axis stand out 
clearly and show no pathological changes. The plexuses of Auerbach 
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and Meissner appear normal in all sections. In the mesentery of the 
descending colon nerve bundles stand out prominently, again ap- 
pearing normal. 

Pancreas: The pancreas shows a marked increase in the stroma. 
The acinar tissue is in general atrophic and in many areas is com- 
pletely replaced by connective tissue. The ducts are dilated and 
show extensive proliferation. These changes are especially evident 
in the head of the pancreas. The islands of Langerhans, however, 
are apparently unaffected (Figs. 3 and 4). The main pancreatic duct 
is extremely widened and contains a granular pink-staining sub- 
stance in globules or concretions which fill the lumen (Fig. 5). The 
dilatation of the ducts extends even into the terminal portions in- 
volving the acini with the result that the acinar cells are flattened, 
occasionally resembling the small ducts (Fig. 5). There is no evi- 
dence of any reaction about the duct except in the body of the pan- 
creas, where a small amount of lymphocytic infiltration is present. 

Meconium: On microscopic examination the meconium shows 
many round, hazy, fat droplets which stain with Sudan III, des- 
quamated epithelial cells, and a few cholesterol crystals. There 
are very few gram positive, large diplobacilli which are probably 
contaminants. 

Umbilical Stalk: This shows no changes. 


DISCUSSION 


In reviewing the findings, it must be noted that this is a case of 
ileus, with intestinal perforations, a consequent peritonitis and 
fibrotic changes in the pancreas, in an otherwise relatively normal 
5 day-old infant. 

Did this perforation occur before birth, during birth or after birth? 
In four reported cases of intestinal perforation where the perforations 
were traced back to the time of delivery, the symptoms of distention, 
of vomiting, or both were present immediately after birth or when 
feeding was attempted for the first time. Death invariably super- 
vened within fifteen hours (Zillner*). From the gross and micro- 
scopic studies it is seen that the peritoneal exudate is in the nature 
of a recent reaction. There is no organization. There are aggluti- 
nations but no adhesions. The meconium in the peritoneal cavity 
appears fresh, not calcified, and there are no foreign body giant cells. 
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The infant was apparently well for two days before the onset of 
clinical symptoms and died as late as the fifth day. It is, therefore, 
most likely that the perforation occurred during the third day at the 
time of onset of the vomiting and distention. 

The nature of the perforation is described almost identically by 
all authors. It is a perforation about 0.7 to 1.5 cm. in diameter, 
whose edges roll outward, showing a pouting edge of necrotic mucosa 
and submucosa (Zillner). It is agreed that such a picture is consis- 
tent with a “blow-out”’ from within the lumen by increased pressure 
at a point of weakness in the muscularis and serosa (Genersich °). 

The position of the two perforations in the colon is in accord with 
the site of predilection for saccule or false diverticulum formation as 
conceived by Drummond,‘ and others. Both occur on the antero- 
mesial side of the ascending colon in the region of the haustra be- 
tween the tenia mesenterica and tenia libera at a point of entrance 
of the blood supply to the intestine, a point of anatomic weakness. 
Progressive distention of the ascending colon present in this case 
would produce the necessary and sufficient conditions for the forma- 
tion of a diverticulum. The diverticulum thus formed is more prone 
to necrosis and perforation, since by passing through the region of 
its blood supply its own nutrition is compromised. Rupture may 
then be expected to occur. By their gross appearance and micro- 
scopic study the perforations may be considered as ruptured false 
diverticula. 

The diverticulum in the ileum does not conform to the pathologi- 
cal picture in any stage of a tension ulcer, since in the latter the 
changes take place first in the mucosa and submucosa. Since the 
gross appearance shows a clear-cut edge like that of an incision of 
the serosa and no changes in the intestinal wall, this diverticulum 
on the antimesenteric border conforms more to an injury to the 
serosa and muscularis, produced from the outside during manipula- 
tion of a distended loop of gut at the exploratory laparotomy. The 
distention continued and at this weak point the mucosa protruded. 
The outpouting mucosa in the perforations of the ascending colon, 
however, must be considered as pulsion diverticula going through 
an anatomically ill-defended space like a hernia through the internal 
inguinal ring (Drummond). A similar condition is found in Fischer’s 
case. 

This case cannot be classified among those of so-called spontane- 
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ous perforation due to injury as assumed by Zillner. There is no 
history of trauma to the mother or to the child at birth. Also, such 
spontaneous ruptures reported are all single, occurring in the sigmoid. 
And finally, the hypertrophy at the ileocecal region as well as the 
tension ulcers in the ileum indicate a condition of some duration 
and not an acute spontaneous occurrence. A primary inflammatory 
lesion of the intestinal tract is not to be considered. It is most likely 
that organisms played no causative réle in this condition. There is 
no evidence of an inflammatory reaction due to organisms anywhere, 
even in the region of perforation. The peritoneal exudate too was 
not foul-smelling, and the meconium was singularly free from organ- 
isms. Kendall’ reports the meconium sterile at birth and demon- 
strates organisms as invaders on the third day. The pathogenesis 
of this case agrees more with the conception of Paltauf,® who pic- 
tures the reaction as one of necrosis due to circulatory interference. 
The microscopic sections confirm this view. 

Hypoplasia of the large intestine is out of the question (Fanconi). 
The gross appearance and microscopic sections show no such 
changes. In addition, the collapse would be expected to begin at 
the ileocecal junction rather than at the transverse colon and very 
little material to have advanced through the ascending colon. The - 
condition here is obviously different. 

It is highly improbable that there was any neurogenic disturbance 
here causing intestinal stasis. Keith ° believes that irritation of the 
neuromuscular element, or Auerbach’s plexus produces spasticity 
of the intestine and that its destruction causes loss of tonus and 
stasis. He was able to demonstrate the presence of definite fibrotic 
and degenerative changes in this nodal tissue in segments of large 
intestine extirpated for the relief of intestinal stasis. Examination of 
the sympathetic ganglia and myenteric plexuses reveals no changes 
in this case. They stand out clearly as normal structures in both the 
dilated ascending colon and collapsed descending portion. There is, 
in addition, evidence that there had been intense peristalsis in the 
large intestine, in the marked dilatation, diverticulum formation 
and progression of meconium to the hepatic flexure. 

The history of swelling of the abdomen, vomiting and retention of 
meconium gives the cardinal symptoms of obstruction. The com- 
mon causes for obstruction, such as stenosis, fetal bands, atresia, 
kinks, intussusception, volvulus, are absent here. The postmortem 
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findings indicate no anatomic block to the intestinal lumen, and 
yet there is a collapse of the large gut at the hepatic flexure and 
the remainder of the mucosa of the colon is untinged by meconium. 
This speaks for an obstruction from within, especially since at birth 
meconium should have been down near the anus. In the normal 
condition meconium reaches the ileocecal junction during the fourth 
month and the rectum by the fifth month of pregnancy. It passes 
quickly along the jejunum, and at birth the entire large intestine and 
the ileum are distended with it (Torkel !°). In this case the meco- 
nium was found putty-like in consistency, fatty and extremely 
tenacious, and had progressed no farther than the hepatic flexure. 
It was thickest at the region of the ileocecal junction and cecum, 
and became progressively less thick oralward. The obstruction is, 
therefore, attributed to the thickened meconium. 

It is clear that there was obstruction and that the obstruction was 
in the lumen. Again this obstruction must have occurred at two 
points: the first at the ileocecal junction and the second, a later one, 
at the hepatic flexure. It is important to note that the type of in- 
testinal content and its disposition determine the hypertrophy and 
dilatation of the intestine. Where the content is loose, more can fill 
in the lumen without impaction and efforts to expel it will cause dila- 
tation as well as hypertrophy. This is illustrated in a case of jejunal 
atresia, in which the proximal jejunum contained loose granular 
material, was dilated to the size of an infant’s arm, and showed 
hypertrophy of its wall after six days (Fanconi). Again, when the 
material is hard and the time of stasis is short, dilatation will take 
place first without hypertrophy. While there is hypertrophy and 
dilatation and tension ulcer formation in the distal ileum in the case 
reported, dilatation alone without hypertrophy is seen in the ascend- 
ing colon. This points to the large intestine as the region of most 
recent stasis. 

If the obstruction then was the result of inspissated meconium, it 
is now proper to investigate the cause of the meconium thickening. 
A case of Torkel’s showed infiltration and hyperemia in the intesti- 
nal wall. He attributed the thickening of the meconium to the in- 
flammation of the intestinal wall. Fanconi offers the suggestion that 
there may be an interference with the normal secretion of the in- 
testinal glands. Farrer’s case in Fanconi’s series showed an obstruc- 
tive jaundice, and he believed that the insufficient secretion of bile 
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resulted in a changed consistency of the meconium. Landsteiner’s 
case demonstrated a fibrosis of the pancreas to which he attributed 
the thickening of meconium. The case here reported shows an 
identical change. 

The cause of the pancreatic fibrosis was next investigated. 

It is known that syphilis can produce similar changes of fibrosis 
in the pancreas, however, without such marked dilatation of the 
duct, which is an outstanding pathological change here. The organs 
showed no signs of syphilis, and a thorough search in Levaditi 
preparations revealed no spirochetes. 

It may be proposed that the connective tissue skeletal structure 
and the parenchyma in their development, by proliferating at dif- 
ferent rates, will result in fibrosis and atrophy of the secreting por- 
tion. This, however, again would not account for retained secretion 
and dilatation of the ducts. 

Serial sections through the head of the pancreas, over 600 in all, 
were studied with special reference to the ducts. The lumen of the 
duct of Wirsung was enormously dilated throughout its course in 
the body and tail, but it was found to decrease in size when it reached 
the head of the pancreas 600 microns from the duodenal opening. 
Its wall was thrown into folds and around it were proliferated ducts, 
similar to those present in the periportal spaces of the liver in cases 
of congenital atresia of the common bile duct. At the region of 
narrowing, the epithelium was absent, and the duct was recognized 
with difficulty as a microscopic slit. There was, however, no atresia, 
and the lumen was observed to widen only slightly on its way from 
the zone of greatest narrowing to the duodenum. The duct of 
Santorini could be followed for only a short distance. It ended in 
the tissue of the head of the pancreas, showing no outlet into the 
duodenum (Figs. 6 and 7). 

The changes in the pancreatic tissue were identical throughout 
the organ as described above, namely: marked fibrosis, distention 
of the ducts with retained secretion, distention of the terminal 
ducts and atrophy of the acini. 

The incomplete course of the duct of Santorini is not extraordi- 
nary. Opie ™ found that the accessory duct though well developed, 
showed no opening into the duodenum in twenty-one of one hundred 
cases studied. However, there is not a single reference in the litera- 
ture to the stenosis or atresia as an anomaly of the duct of Wirsung. 
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Yet, this is the condition here — a congenital stenosis of the main 
pancreatic duct. 

The changes present here correspond almost exactly to those 
brought about experimentally after ligation of the pancreatic duct. 
Ukai ” has demonstrated conclusively that fibrosis of the pancreas 
and dilatation of the ducts may begin as early as four days after 
ligation of the ducts. It is suggested, therefore, that the stenosis of 
the duct of Wirsung in this case may have produced the changes 
described. For the cause of the stenosis, one may consider the 
theory advanced by Tandler ® in explanation of duodenal atresia. 

The major number of atresias of the intestine occur in the region 
of the duodenum. Tandler states that the duodenum is especially 
predisposed to atresias because of adhesion of its epithelium, 
Epithelverklebung, during the rotation of the gut in the embryo. 
It is normal for the epithelium to become agglutinated, and its 
failure to reopen causes an atresia. 

There is noclue to the pathogenesis of the pancreatic duct stenosis, 
but it is possible to conceive it as a condition of Epithelverklebung, 
similar to that causing duodenal atresia as believed by Tandler. 

The pathological picture of the pancreas is thus consistent with 
the blocking of the main duct with obstruction to the outflow of 
pancreatic secretion. Whether or not the absence of pancreatic 
secretion has any effect upon the consistency of the meconium must 
be considered from the following facts. Hess, by means of the 
duodenal bucket method, showed that all of the three ferments, 
trypsin, steapsin and amylopsin, are present in infants before they 
are put to the breast. Meconium ordinarily contains mucus, bile, 
epithelial cells, fat globules, cholesterol and intestinal secretions. 
The water content of meconium is 72 per cent (Davy '°). In con- 
trast, a normal child’s stool contains 84 per cent of water. The me- 
conium is thus more concentrated in solids. The functions of the 
pancreatic secretion, as elaborated by Pfliiger '® and recently by 
Okada " and also Lombroso,"* include digestion of fat and aiding in 
the absorption of the split products of proteins and fats from the 
intestine; and here may be added the dilution of the intestinal con- 
tent. Cases with diminution of pancreatic function in Okada’s 
series showed voluminous stools. Thaysen '* reports Lombroso’s 
experiments with ligated pancreatic ducts in dogs, which also showed 
the formation of fatty stools. Ina newborn with multiple intestinal 
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atresias, the intestinal content was found crumbly and thick in a 
portion of intestine which had no pancreatic juice or bile accessible 
(Fanconi). 

The absence of the pancreatic secretion normally found in meco- 
nium may be considered to have resulted in an alteration in its con- 
sistency, due to failure in dilution and failure in the digestion of fats 
and proteins present. 

The submucosal hemorrhage in the sigmoid is an incidental finding 
and most likely due to trauma of rectal examination and insertion of 
a catheter. Landsteiner reports a similar finding in his case. In 
investigating injuries to the rectum and colon from below, Zillner 
attempted to introduce catheters in newborn infants and found it 
most difficult, so that at most a 5 mm. wide catheter went a distance 
of 6 cm. at most and caused injury in the rectum on its way. 

The sequence of events then is considered to be as follows. Be- 
cause of pancreatic insufficiency, a thickened meconium resulted 
in the infant’s intestine. On its way through the intestinal tract it 
was obstructed at the ileocecal junction, a point of physiological 
narrowing. This caused intestinal peristalsis, hypertrophy of the 
ileocecal region and a back pressure with the production of tension 
ulcers in the distal ileum. Some of the thickened meconium was 
apparently driven through to the ascending colon after birth when 
feeding induced increased peristalsis. In the region of the hepatic 
flexure, another zone of physiological narrowing was encountered, 
resulting in complete obstruction. The cecum became distended, 
and two diverticula formed. Because of further peristalsis and in- 
creased pressure from the first two days feeding, the diverticula 
ruptured into the peritoneum on about the third day. Meconium 
peritonitis followed and caused the infant’s death. 

It is remarkable that only one other case is reported, that of 
Landsteiner, which is in every respect identical with this one, 
although the case of Fischer, reported recently, might very well be 
explained on a similar basis. 


SUMMARY 


1. A case is presented with the rare anomaly of congenital stenosis 
of the duct of Wirsung. 

2. The absence of pancreatic juice caused inspissation of meco- 
nium with subsequent intestinal obstruction, ileus and perforation. 
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DESCRIPTION OF PLATES 


PLATE 52 

Fic. 1. X-ray of abdomen before operation, showing marked distention of the 
intestinal loops and free air beneath the diaphragm. 

Fic. 2. Schematic drawing of terminal ileum and ascending colon, showing a 
Meckel’s diverticulum, a false diverticulum of the ileum and two perfora- 
tions of the ascending colon. 

Fic. 3. Pancreas, showing increased connective tissue and atrophic acinar tis- 
sue with proliferation of the ducts. X 150. 
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PLATE 53 


Fic. 4. Pancreas, showing marked proliferation of the smaller ducts and atro- 
phic acini. 150. 


Fic. 5. Pancreas, showing dilated pancreatic ducts with concretions. Note the 
dilatation of the terminal ducts. xX 150. 
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PLATE 54 


Fic. 6. Pancreas, showing serial sections of the duct of Wirsung to illustrate 
progressive narrowing: (1) body; (2) body near head; (3, 4, 5) head; (6) nar- 
rowest portion; (7) terminal portion at duodenum. X 120; all of equal 


magnification. 
Fic. 7. Schematic drawing of pancreatic ducts, showing stenosis of the duodenal 
portion of the duct of Wirsung with extreme distal dilatation. 
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THE PERCENTAGE OF THE DIFFERENT TYPES OF CELLS IN 
THE MALE ADULT HUMAN HYPOPHYSIS * 


A. T. RasmussEN 


(From the Department of Anatomy, University of Minnesota, Medical School, 
Minneapolis, Minn.) 


INTRODUCTION 


The interest now taken in more precise investigation of the endo- 
crine organs in abnormal conditions demands a corresponding in- 
crease in the knowledge of the normal variability of these structures. 
As rapidly as possible norms must ke established to serve as stand- 
ards for measuring the degree of abnormality. This is probably no- 
where more pressing than in connection with the hypophysis cerebri. 
The rapid changes in ideas regarding the significance of the different 
parts of the hypophysis, Geiling,! makes quantitative and more 
accurate statistical data especially urgent, for without this, erro- 
neous deductions and undue speculation are apt to further com- 
plicate the situation. 

Comparatively accurate figures on the variability of the main 
parts of the normal male adult hypophysis were recently published 
by Rasmussen.” It is, however, necessary to go further into the 
histology and cytology of this organ. The relative number of the 
various types of cells in the anterior lobe — whether they are dif- 
ferent functional stages of the same cell or distinct types each with 
its own specific function, a question that is still debated — needs 
rather careful consideration on account of the many statements on 
variations from the normal that appear in the literature on path- 
ology. A good example of this is a recent paper by Kiyono * on the 
histopathology of the hypophysis in which the author reports almost 
invariably either a decrease or an increase in one or more types of 
cell. In that particular study the most common change was an in- 
crease in the basophils. Next in order was an increase in chromo- 
phobes and still less frequently either an increase or a decrease in 

* Aided by a grant from the research fund of the Graduate School, University of 
Minnesota. Credit for securing the material is due the various members of the Depart- 


ment of Pathology, whose services are here acknowledged. 
Received for publication March 11, 1929. 
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acidophils in about equal proportion. A decrease in basophils and 
chromophobes was noted only rarely. One wonders what criteria of 
normality were used. 

There is a widespread notion that in the human adult acidophils 
predominate, basophils being next in number and chromophobes 
the fewest of all, Erdheim and Stumme,‘ Blair-Bell,> Erdheim,® 
Ewing.’ Others agree that the acidophils are by far the most numer- 
ous and that the other types are present in relatively small quanti- 
ties, but vary somewhat in regard to the relative proportions of the 
latter, Mott and Robertson,* Cooper.*® But the most accurate state- 
ment seems to have been made nearly thirty years ago by Thom,’° 
who estimated that at least a third are acidophils and that basophils 
are much fewer. This leaves the chromophobes as the most numer- 
ous. 

Changes in the relative number of the different types of cells in 
old age are variously interpreted. Some think the chromophils de- 
crease in advancing years, Erdheim," Cooper.® Others claim that 
the basophils increase, Lucien,” Kraus.” 

Of the many reported changes in the human hypophysis under 
physiological and pathological conditions (for an extensive bibliog- 
raphy see Erdheim®), an increase in acidophilic cells during 
pregnancy and the presence of acidophilic adenomas in acrome galia 
are the most thoroughly established. According to Bailey and 
Cushing “ the acromegalic symptoms in dyspituitarism are roughly 
proportional to the presence of acidophilic granules in the tumor. 
Undoubtedly other important relations will be brought out when 
thorough examinations with improved technique have been carried 
out on a large series of hypophyses with known histories. 

This investigation is an attempt to supply more accurate data on 
the variability in the proportions of the different cells in the an- 
terior lobe of the hypophysis of supposedly normal male adults and 
to check some of the conclusions reviewed above. While as many 
as seven different kinds of cells have been described, only the three 
commonly accepted classes (chromophobe, acidophil and basophil) 
are clear-cut enough to be recognized with sufficient accuracy to 
admit of quantitative analysis. The chromophobes are also called 
chief cells, reserve cells, undifferentiated cells, and neutrophils. The 
acidophils are frequently termed eosinophils, oxyphils and more 
recently alpha cells. The basophils are also designated cyanophils 


) 
a 


PERCENTAGE OF CELLS IN HYPOPHYSIS 265 


and beta cells. The relative merits of these terms need not be dis- 
cussed here. It is but another example of lack of standardization in 
histological terminology and uniformity of technique. 


METHOD 


Histological Technique: The method has been explained in detail 
in an earlier paper, Rasmussen and Herrick.” In brief it consists 
of fixing in formalin and embedding in paraffin, orienting so that the 
hypophysis can be cut into serial sections in the horizontal plane. 
By determining the vertical diameter of the organ, the total number 
of sections can be calculated. After cutting about one fourth of the 
sections at 10 microns, ten sections at 5 microns are taken. Cutting 
is continued at 1o microns till halfway through the block, when ten 
more 5 micron sections are cut. When three fourths through, ten 
sections 5 microns thick are again taken. The rest of the block is 
cut at 10 microns. 

Only the 5 micron sections are used for cell counting. The thick 
sections (if the organ is perfect) can be used for other studies. The 
thin sections from the three levels are stained by Mallory’s acid 
fuchsin-orange G.-anilin blue method. In the later part of the work 
the nuclei were brought out more sharply by first staining about one- 
half to one minute in ordinary hematoxylin and washing well in dis- 
tilled water before going into the acid fuchsin, as suggested by Bril- 
myer.’® This facilitates counting. The essential staining technique, 
frequently termed Mallory’s connective tissue stain, appears to be 
used more and more extensively for various purposes, either as 
originally used or with various changes. Some recent modifications 
have just appeared in a paper by Chiovenda.” 

Several sections from each level are stained, varying the time in 
the different solutions as trial staining indicates. On reasonably 
fresh material fixed in formalin or corrosive sublimate, or both, the 
three kinds of cells stand out in great contrast. 

Counting: The most favorable section from each level is explored 
systematically under an oil immersion lens on a binocular micro- 
scope by means of a mechanical stage. The epithelial cells in every 
fifth microscopic field in every fifth row of fields are counted. Only 
cells containing a nucleus are considered, in order not to over- 
evaluate the larger cells. A large cell is cut into more sections than 
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a small cell and hence appears more numerous than it really is. 
The nuclei of the different types of cells average nearly the same in 
diameter. 

Each field is naturally subdivided into irregular areas by blood 
channels and strands of connective tissue, so that it is fairly easy to 
keep in mind the parts of the field that have been traversed in the 
process of counting. Even in 5 micron sections it is necessary to 
focus up and down on every group of cells in order to bring into view 
all the nuclei within the section. 

In this way there are obtained from about 100 to 350 microscopic 
fields and a total cell count of about 10,000 to 30,000 cells in each 
hypophysis. The results do not differ more than 2 per cent when 
compared with a count on sections from 20 to 30 levels, which nat- 
urally requires much more time. 

Plane of Section and Pattern of Cell Distribution: Tf sagittal sec- 
tions were used many more levels would have to be used because of 
the irregular distribution of the various kinds of cells. The pattern 
of arrangement is much more uniform in horizontal series. The 
acidophils are more or less concentrated into two areas which occupy 
much of the central and posterior part of each lateral half of the lobe. 
In the midsagittal plane and anterior and lateral margin, frequently 
extending back to the posterior lobe, the acidophils are less numerous 
and hence the chromophobes and especially the basophils are more 
numerous than elsewhere. 

Selection of Material: In order to get as normal material as prac- 
ticable, only specimens with no evident pathology, from cases of 
sudden and usually accidental death, were used, and then usually 
only if fixation occurred within twelve hours after death. A few 
hypophyses that seemed unusually well preserved after a somewhat 
longer postmortem period are included. 


RESULTS 


Frequency Distribution: The distribution of the percentages is 
shown in Charts 1, 2 and 3. These graphs are fairly symmetrical for 
this kind of data. The chromophobes are skewed slightly in the 
negative direction, while the acidophils and basophils show slight 
positive skewness. We have no explanation for the bimodal dis- 
tribution of the chromopholes. 
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CuarT 1. Frequency distribution of the percentage of the chromophobes in 
the anterior lobe of the normal male adult hypophysis. 


 Acidophils 
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CuarT 2. Frequency distribution of the percentage of the acidophils in the 
anterior lobe of the normal male adult hypophysis 
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Percentage of Chromophobes: As shown in Table I, the chromo- 
phobes vary from 34 per cent to 66 per cent, the central tendency 
being somewhat over 50 per cent. The great scarcity of chromo- 
phobes so often mentioned is not substantiated. In no single case 
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CuarT 3. Frequency distribution of the percentage of the basophils in the 
anterior lobe of the normal male adult hypophysis. 


did they constitute less than one third of the total cells. It must be 
remembered that many chromophobes contain practically no cyto- 
plasm and hence are in the background of the picture and generally 
underevaluated. The average is 52.2 per cent. The coefficient of 
variability is 15. This is the same degree of variation as in the 
weight of the liver and slightly less than the variability of the kid- 
ney and heart whose coefficients of variability are respectively 17 
and 18. 

Percentage of Acidophils: The acidophils (Table I) are less numer- 
ous, varying from about 23 per cent to 59 per cent, and having a 
mean value of 36.8 per cent. The coefficient of variation is 21. This 
is the same degree of variability as is found in the weight of the an- 
terior lobe of the hypophysis. In only five cases did the acidophils 
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constitute one-half or more of the total number of cells. The ten- 
dency of so many investigators to regard these cells as being the most 
numerous is very likely because they are very conspicuous, due to 
their size and intense staining reaction. 

Percentage of Basophils: The basophils (Table I) are the least 
numerous, representing only 11 per cent. They are also the most 
variable in number, ranging from 4.5 per cent to over 27 per cent. 
The coefficient of variation is 34. This is about the variability of the 
weight of the normal spleen and thymus. 


Taste I 


Percentage of the Different Types of Cells in Anterior Lobe of Human Hypophysis 
(100 Normal, Male, Adults) 


Cell types Minimum | Maximum] Median | pyohable error | deviation {of variation 
Chromophobe ....... 34.0 65.9 54-3 | 52.2 +0.54| 7.98 15 
22.6 58.9 34.8 | 36.8+0.52] 7.78 21 
4:5 27.4 10.0 | 10.9 +0.25| 3.71 34 


Relation to Body Weight: The body weight given in the autopsy 
records is, as a rule, only a rough estimate, so that a careful study of 
the relation of body weight to the percentage of the relative number 
of the different cells in the anterior lobe of the hypophysis cannot be 
made; but it seemed worth while to compare a number of unusually 
heavy persons with those of more ordinary weight. Several of these 
over-weight cases had the general external features of so-called non- 
neoplastic postadolescent hypopituitarism, although the hypophysis 
was apparently normal in every respect. The results are found in 
Table II. The fourteen individuals over 200 lbs. in weight had on 
an average 3.5 per cent more chromophobes and 4.6 per cent 
less acidophils than the eighty-six individuals under 200 lbs. in 
weight. The statistical significance of these differences is doubtful 
because the ratio of the differences to the probable error of the dif- 
ference (see last column of Table IT) in neither case is 3 or more. It 
is probable, however, that there is a slightly lower percentage of 
acidophils in extra heavy people. 

Relation to Stature: It has been well established that there is a 
positive correlation between the weight of the entire hypophysis 
and body length, Rasmussen.'* This has been found to be due to a 
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larger anterior lobe in taller individuals.? Since apparently it is the 
acidophils that are associated with growth, it is worth while to see 
if there is any correlation between the relative number of the dif- 
ferent types of cells and height. In the cases here involved the 
length of the body is recorded to within a half centimeter. Table III 
shows that there is essentially no difference in the percentages be- 


Taste II 


Mean Percentage of the Different Types of Cells in the Anterior Lobe of the 
Hypophysis in 14 Cases 200 to 330 lbs. in Body Weight Compared with 
86 Cases Under 200 lbs. in Body Weight 


Diff 
Cell types 2007330 | Under 200 | Difference | P-E. of Dif. 
Chromophobe ...... 55-2 £1.47 | 51.7 40.56 + 3.5 2.57 2.2 
32.9 1.50] 37.5 £0.55 — 4.6 1.60 2.9 
+ 0.63 | 10.7 40.27 + 1.2 0.69 1.7 


tween persons above average height and those below. This is also 
borne out by the low and statistically insignificant coefficients of 
correlation (r) listed in the middle column of Table V. 

Relation to Age: Because of the fact that the anterior lobe de- 
creases noticeably in size after 50 years of age,? the thirty-one cases 
over 50 years old were compared with the sixty-nine cases under that 


Tas_e III 


Mean Percentage of the Different Types of Cells in the Anterior Lobe of the 
Hypophysis in 52 Cases Above Average Stature Compared with 47 Cases 
Below Average Stature. Mean Stature = 172.5 cm. 


Cell types ae | See Difference 
52.6 +077 | 51.6 40.75 +1.0 
36.5 + 0.76 37-5 &0.72 — 1.0 


age. The differences between the average percentages and a test 
of the significance of the differences are recorded in Table IV. The 
prevalent idea that the basophils increase with age in adults is not 
supported. 

If the basophilic cells which invade the posterior lobe were in- 
cluded, there would undoubtedly be a noticeable increase, because 
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those cells are largely, if not entirely, responsible for the gradual in- 
crease in the total volume of pars intermedia with age, Rasmussen.'® 
While there are those (especially Kasche ?° and Dayton”) who re- 
gard the basophilic cells in the pars nervosa as having originated 
from the anterior lobe or differentiated into anterior lobe cells, there 
is considerable evidence that they arise from the posterior wall of 
Rathke’s pouch and hence should be considered as part of pars in- 


Taste IV 
Mean Percentage of the Different Types of Cells in the Anterior Lobe of the 
Hypophysis and Age 
Diff 
Cell types Difference | P. E. of Diff. 
Chromophobe ...... 54.8 £0.91] 51.1 + 0.56 + 3-7 1.07 
Acidophil........... 34.2 + 0.86] 38.1 + 0.63 — 3.9 1.07 3.6 
+ 0.43] 10.8 + 0.31 +0.2 0.53 0.4 


termedia, Guizzetti,?* Lewis and Lee.” On the assumption that they 
belong to pars intermedia, cells posterior to the cleft, or residual 
lumen, have not been included in this enumeration. 

In the case of the percentage of chromophobes, however, there 
is a distinct increase in the older group and a corresponding de- 
crease in the percentage of acidophils, amounting to nearly 4 per 
cent. The ratios of these differences to the probable error of the dif- 
ference (see last column of Table IV) are 3.5 and 3.6, indicating that 


TABLE V 
Coefficient of Correlation (r) between Percentage of Cells and Stature and Age 


Cell types Stature Age 
+ 0.152 + 0.066 | +0.199 + 0.065 
— 0.168 + 0.065 | — 0.221 + 0.055 
+ 0.035 + 0.067 | — 0.022 + 0.065 


the change with age is fairly certain. This is supported also by the 
coefficient of correlation (7) listed in the last column of Table V. 
A decrease in acidophils in advancing years is the least questionable 
because the ratio of the probable error to the coefficient of corre- 
lation is at least 4. 
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SUMMARY 


1. The necessity of a more accurate estimation of the relative 
number of the different types of cells in the anterior lobe of the 
human hypophysis is evident from the great divergence of opinion 
that exists among even recent writers in regard to what should be 
considered normal proportions and from the greater attention being 
paid to the pathology of this organ. 

2. The results of making a differential count of the chromo- 
phobes, acidophils and basophils in 100 selected and supposedly nor- 
mal male adult hypophyses from cases of sudden accidental death, 
in which the tissue in general was fixed within twelve hours after 
death, are presented. 

3. The data are based on a differential count of from 10,000 to 
30,000 cells from 100 to 350 microscopic fields taken systematically 
from three different regions of a complete series of horizontal sec- 
tions from each hypophysis. 

4. The chromophobes represent on an average 52 per cent of the 
total cells. They vary from 34 per cent to 66 per cent. The coeffi- 
cient of variation is 15. 

5. The acidophils average 37 per cent, varying from 23 per cent 
to 59 per cent, the coefficient of variation being 21. 

6. The basophils strictly within the anterior lobe are the least 
numerous and the most variable. The average is 11 per cent, but 
they range from less than 5 per cent to more than 27 percent. The 
coefficient of variation is 34. 

7. Fourteen cases with a body weight 200 lbs. to 330 lbs. aver- 
aged 3.5 per cent more chromophobes and 4.6 per cent less acidophils 
when compared with eighty-six cases under 200 lbs. in weight. 
Statistically this difference is not enough to be taken seriously, al- 
though the decrease in acidophils is probably real. 

8. There is no correlation of importance between body length and 
percentage of any particular type of cell. 

g. Individuals over 50 years of age average nearly 4 per cent more 
chromophobes and correspondingly less acidophils. 

10. There is no correlation between age and basophils in the 
anterior lobe of the hypophysis. 

Note: Just as this paper went to press, there appeared a report by J. L. Mc- 


Cartney (Dementia precox as an endocrinopathy with clinical and autopsy 
reports. Endocrinology, 1929, xiii, 73) which seems to be one of the first at- 


; 


PERCENTAGE OF CELLS IN HYPOPHYSIS 


273 


tempts to determine the percentage of the different cells in the anterior lobe of 
the hypophysis upon a large scale. In 158 male cases of dementia precox he 
found an average of 40 per cent neutrophils, 43 per cent eosinophils and 17 
per cent basophils. In 241 males with other forms of psychosis the percentages 
are: 20 per cent neutrophils, 52 per cent eosinophils, 28 per cent basophils. In 
24 dementia precox females the percentages are: 27 per cent neutrophils, 52 
per cent eosinophils, 21 per cent basophils. In 64 females with other forms of 
psychosis, the corresponding figures are: 23 per cent neutrophils, 57 per cent 
eosinophils, 20 per cent basophils. While no information is given as to tech- 
nique or criteria used, the low neutrophil count suggests a wide departure from 
the chromophobe count in normal cases or more likely a very restricted defini- 
tion of the neutrophilic group, such as to exclude those with little or no cyto- 
plasm. This shows the importance of some standard that will be generally 
acceptable. 
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A MALIGNANT MEDIASTINAL TERATOMA * 


F. Jacoss, M.D. 
(From the Pathological Department of the University of Buffalo, Buffalo, N. Y.) 


History 


The patient was a white male, 27 years of age, by occupation a 
locomotive fireman. Three months prior to his death he was en- 
gaged in firing a locomotive on a run, when he slipped on the floor 
of the cab, falling against the fire box with his left shoulder. He con- 
tinued his work to the end of the day. Within twenty-four hours he 
was seen by a physician who found no external signs of injury, but 
advised him to rest for a few days and then, if able, to resume work. 
After he returned to work he began to complain of a continuous 
pain in his left shoulder and chest, with some difficulty in breathing. 
Then there followed a period of about eight weeks during which 
there were no observations and at the end of which, because of in- 
creasing disability, he was admitted to the hospital. In the previous 
history it is stated that the patient had lobar pnuemonia nine years 
ago. The only important findings on physical examination were 
signs suggestive of infiltration in the upper lobe of the left lung. 

Shortly after admission to the hospital signs of meningeal irrita- 
tion developed, with cervical rigidity and a positive Kernig’s sign. 
A tap of the spinal fluid showed it to be clear, not under pressure; 
on examination increased globulin was found and a cell count of 30 
cells; on standing a definite web formed. A tentative diagnosis of 
pulmonary tuberculosis with complicating tuberculous meningitis 
was made at this time. 

The patient died under symptoms of rapidly increasing dyspnoea 
and cyanosis some fourteen weeks after the date of the alleged acci- 
dent, and three weeks after he entered the hospital. The tempera- 
ture during his stay in the hospital ranged from 100° to 101° F. The 
postmortem examination was made within three hours after death. 

* Reported in abstract at the meeting of the American Association of Pathologists 
and Bacteriologists, Rochester, N. Y., 1927. 


Received for publication February 18, 1929. 
¢ I am indebted to Dr. James Carr, Buffalo, N. Y., for the clinical data. 
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NECROPSY 


The body is warm, rigor mortis absent. Nutrition poor; length, 
169 cm.; estimated weight, 59 Kg. Pulmonary arthropathy, absent. 

On removal of the sternal breast plate a large tumor mass is found 
presenting in the median line above the heart, extending up on the 
great vessels to the suprasternal notch. It is adherent to the right 
lung and the pericardium and measures 14 cm. in the vertical dia- 
meter, 8 cm. laterally, and 9 cm. anteroposteriorly. On palpation it 
conveys a sense of fluctuation. On section it is found to be a thick- 
walled cyst, measuring 2 by 3 mm. at the lower and 3 cm. at the 
upper pole, with a nodule presenting on the inner surface above, from 
which delicate hairs seem to be growing. The cavity is filled with 
sebaceous material, mixed with hair. 

On further dissection the tumor is seen to embrace the superior 
vena cava and to be compressing it; the intima of that vessel while 
smooth, exhibits slight nodular bulgings. The course of the aorta, 
however, is not compromised, and the trachea and bronchi show no 
compression although they are in relation with the tumor anteriorly. 
The upper and lower tracheobronchial and paratracheal lymph 
nodes are all merged into the tumor mass, being variously enlarged, 
averaging 1 to 2 cm. in diameter and showing on section a diffuse 
scirrhous tissue. The dissection of the cervical region reveals a large 
node 2.5 cm. by 2 cm. at the lower pole of the left thyroid lobe and 
a somewhat smaller one at the upper pole, the larger showing several 
circumscribed grayish nodules, the other suggesting caseation. 

The entire right lung is adherent. Both lungs crepitate well 
throughout and on section a considerable quantity of thin blood- 
stained froth exudes from the cut surface. 

In the heart there are no remarkable changes excepting a slight 
hypertrophy of the right ventricle. 

On removal of the calvarium the veins and sinuses appear en- 
gorged; the cerebrospinal fluid is slightly increased, the convolutions 
flattened to a moderate degree, the meninges over the base and tips 
of the temporal lobes, and in the extensions into the Sylvian fissure 
are thickened and opaque, with numerous fine nodules not unlike 
tubercles in appearance. The ependymal lining of the ventricles is 
smooth, the choroid plexus, pituitary and pineal bodies are not re- 
markable. The accessory sinuses and both middle ears are free from 
changes. 
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The abdominal organs are all normal in size, appearance, position, 
and in their relations to each other, excepting a considerable hy- 
peremia which is general in its distribution. 

The kidneys, adrenals, urinary bladder, prostate, seminal vesicles, 
and testes show nothing remarkable. 


Microscopic EXAMINATION 


All the lymph nodes examined exhibit an adenocarcinomatous in- 
vasion, completely replacing the lymphadenoid tissue. The cells of 
the tumor show considerable variability in arrangement, though a 
tendency to alveolar formation is constant. In shape they are flat- 
tened or polyhedral, and there are numerous mitotic figures. This 
form of tumor is also found in the thyroid. Sections from parts of 
the lungs which grossly appeared free from tumor show metastases 
in the form of peribronchial and perivascular infiltration and filling 
of lymphatic vessels with tumor cells. In one section of the lung the 
tumor was found to have invaded the wall of a pulmonary vein, 
with tumor cells mixed with the red corpuscles inside the lumen of 
the vessel. Infiltration of tumor cells arranged in irregular strands 
and groups in close relation to the vessels, with some few collections 
of small round cells, can also be seen in the meninges. 

The various sections from the main tumor mass show complex 
pictures including islands of well formed hyaline cartilage, strands 
of striated muscle, smooth muscle fibers, dense hyalinized connec- 
tive tissue, with cystic spaces lined with endothelium, an island of 
nerve fibers, an epidermis-like structure in cyst formation, and an 
area containing hair follicles and islands of sudoriferous glands, all 
quite mature and readily identified; also numerous larger irregular 
cystic cavities lined with ciliated epithelium and large areas of ne- 
crosis containing calcium deposits; finally structures resembling 
osteoid tissue. 


DIscusSION 


The tumor presented in the foregoing may be described as a partly 
solid and partly cystic tumor of the mediastinum composed of repre- 
sentatives from all three layers of the blastoderm in mature form, 
therefore a mediastinal teratoma. A malignant transformation took 
place within this tumor in the form of an adenocarcinoma. There 
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was direct extension of the growth into the lungs and metastasis into 
the cervical lymph nodes, thyroid and meninges. 

As to the literature on the subject of mediastinal tumor there are 
several good reviews, so that only a brief resumé touching the prin- 
cipal points of interest will be given here. The first case was pub- 
lished by Gordon ' in 1823. The tumor was situated in the anterior 
mediastinum well up under the sternoclavicular junction. It was 
cystic and contained the usual sebaceous material with hair; also 
seven teeth and some bone. In the succeeding years, a considerable 
number of isolated cases were reported and toward the end of the 
century these were followed by a notable series of papers which, be- 
sides adding to the number, included comprehensive reviews. Among 
these are the papers of: Hoffman? (1896) covering twelve cases; 
Pflanz * (1896) including twenty-four cases; Christian * (1902), forty 
cases; Dangschat® (1903), forty-four cases; Hertzler® (1916), 
seventy-two cases; Kleinschmidt 7 (1920), seventy-two cases; Lam- 
bert and Knox® (1920), seventy-nine cases; Terplan® (1922), sixty- 
eight cases. A search of the literature since 1920 yields twelve more 
cases. These added to those included in the above-mentioned re- 
views, make with Gordon’s first case, in a period approximating 100 
years, about a hundred cases. However, comparatively few of these 
exhibited a malignant phase. Lambert and Knox estimated 11 per 
cent of malignancy in seventy-nine cases. The tumors are generally 
found to be cystic with a distinct solid portion, but occasionally are 
entirely solid. The malignant feature has been found associated with 
true teratomas both cystic and solid. 

As regards the age incidence, these tumors have been found in both 
extremes of life, some in individuals as young as 2, 4 and 6 years, and 
some in individuals 50 to 70 years of age. The vast majority, how- 
ever, are confined to early adult life (20 to 30 years). Pflanz re- 
garded the puberty period as particularly stirring the latency of these 
tumors into activity, likening it to the awakening of sex character- 
istics, especially hair distribution and beard growths. In sex inci- 
dence these tumors would appear to be equally divided. Trauma has 
frequently called attention to their presence. 

The signs and symptoms of this type of tumor in the mediastinum 
have been confused with those of tuberculosis since earliest times 
and a number of cases have been reported where pulmonary tuber- 
culosis coexisted. Thoracic aortic aneurism and ecchinococcus cyst 
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have also been mistaken for these tumors. The diagnosis has been 
at times made by operative procedure such as a trocar puncture, 
with the typical yield of sebaceous material, epithelial débris, choles- 
terin and hair. Erosion into a bronchus has been reported a num- 
ber of times with the raising of the characteristic cyst content in the 
sputum. Pulmonary arthropathy has been reported in a number of 
cases. Roentgenologic examination in recent years has aided in 
making the diagnosis in several instances. However, in the majority 
of cases the tumor was discovered by postmortem examination. The 
duration of the symptoms has been found to range from six weeks 
to two and three years with the final issue always fatal. The more 
common locations are found to be in the anterior mediastinum, 
usually to one or the other side of the median line, above the bron- 
chial tree, embracing more or less the great vessels, trachea and 
bronchi, in intimate relation with the base of the heart, pericardium 
and mediastinal pleura, compressing one or the other lung to a vary- 
ing degree. In size these tumors range from three to four centimeters 
in diameter all the way to the size of a child’s head. The average is 
about fifteen centimeters for vertical diameter and six to seven for 
lateral and anteroposterior diameter. Some few have been reported 
in the posterior mediastinum and some extending below the bron- 
chial tree, resting on the diaphragm. 

It is now generally accepted that the “‘anlage” for these tumors is 
in the cervical region during the early embryonic period along with 
the lungs, heart, and thymus, before the closure of the blastodermic 
folds and that they move into the thorax with these organs. This is 
suggested rather strikingly in a number of cases, notably that of 
Collenburg '° whose case was found to have a band-like connection, 
that extended from the posterior part of a large tumor about the 
size of a child’s head, in the right lower anterior mediastinum, up- 
ward to the lower edge of the right lobe of the thyroid. In this band 
of tissue he was able to demonstrate a branch of the inferior thyroid 
artery, also two veins that he could trace into the inferior thyroid 
vein, with muscle fibers from the right sternothyroid muscle. Col- 
lenburg was thus the first to suggest the cervical anlage of the me- 
diastinal dermoid, he also assumed that it was the thymus that gave 
rise to it. Pinder’s™ case also showed a band of connective tissue 
that extended from the posterior part of this tumor up to the su- 
prasternal notch. From this connection and position Pinder as- 
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sumed that the tumor originated with the thymus. Marchand ™ 
also took the position that in time of origin these tumors must be 
classed with the early position and time origin of the thymus. This 
view was endorsed with more or less qualification by others who fol- 
lowed, notably, Christian, Dangschat, and Hertzler. 

While there appears to be agreement to a certain extent regarding 
the time origin and the evolution of position, the histogenesis is still 
subject to conflicting theories. The earliest theory was that these 
tumors were the result of the constriction of an invaginated portion 
of the ectoderm which became included on closure of the blasto- 
dermic folds. Attention was called to the fact that tumors having 
entodermic elements (Dangschat) could not thus be accounted for 
unless it was assumed that at the time a portion of the entoderm 
was included, and the theory failed entirely when considering the 
more complex types. The thymic origin was the next theory, in 
chronological order, advanced for these tumors, the proponents 
arguing that since the anlage for the thymus was in the third 
pharyngeal pouch, the thymus therefore was endowed with both - 
meso- and entodermic properties, that it could therefore account 
for two blastodermic representatives. Virchow ™ suggested that 
the thymus or branchial cleft should be considered as potential 
sources of origin for mediastinal tumors of this type. Marchand, 
Pinder, Collenburg, and Ritchie," each accepted this theory in the 
order named. The thyroid, too, came under suspicion in the same 
way because of its origin in the fourth pharyngeal pouch, but both 
of these theories were found to be wanting when the nervous tissue 
elements and organ rudiments, as well as other mature tissue 
elements, were to be accounted for. Certainly their application 
would fit only a limited number of cases. 

The branchial cleft theory suffered in the same way, although sup- 
ported for a time by Virchow, Lindstedt,!® Pflanz, Marchand, and 
Christian. Lindstedt, who reported a case of mediastinal tumor 
that he characterized as an adenomyxochondrosarcocarcinoma, as- 
sumed that it was bronchogenic in origin, basing this assumption 
upon the arrangement of cartilage, smooth muscle, and ciliated 
epithelium that suggested the respiratory tract. He admitted, how- 
ever, the presence of connective tissue in all forms, adipose tissue, 
islands of well formed cartilage, numerous cavernous blood spaces, 
and epithelial elements in glandular, alveolar and cystic arrange- 
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ment. It seems therefore that his case surely should be classed with 
the more definite teratoid tumors. 

“TInclusio foetus in foetu” as a theory was introduced early as 
more nearly accounting for the vast majority of these mediastinal 
tumors. Ekehorn ™ was the first to take this advanced position, 
basing it on the case that he reported in which he found in addition 
to cartilage and bone a portion of bone in which he saw resemblance 
to a superior maxilla with a number of teeth in it, definite incisors 
being recognized. In addition he found nerve fibers, ganglion cells 
and numerous canals that in their arrangement suggested respira- 
tory tract, and portions in which he saw a resemblance to intestine. 
Dangschat also held that this theory more clearly met the require- 
ments of this anomaly. Askanazy ” saw in it an analogy to partial 
fruition of a second pregnancy. This bigerminal theory still persists 
in the minds of many of the later observers. Finally the isolation of 
a blastomere, the delayed division of such blastomere, and the pos- 
sible fertilization of a polar body, were advanced toward solving this 
question. 

The publication of Budde '* presents a good review of these later 
theories. He concluded that all tumors that do not exhibit elements 
traceable to each of the three layers of the blastoderm, are in the 
nature of definite “local defects.’”” They are tumors that have their 
origin at a later period of the embryo, at a time when organs and 
organ systems are in their early stages of budding, suggesting that 
at this time invaginations and foldings might well isolate a cell com- 
plex from which such tumors could arise. He classifies them as 
“‘hamartomes,” among which he includes the true dermoids, bran- 
chial cleft tumors and those arising from thyroglossal duct remnant. 
The finding of nervous tissue elements he regards as definite criteria 
for differentiating hamartoma from teratoma. He further asserts 
that the undoubted bigerminal twin parasite should always be found 
free and never enclosed within the body cavity, and further, that it 
should always exhibit traces of vertebral segment to prove its meta- 
mere structure. 


The following is a list of all the types of malignancy that have oc- 
curred in this group of tumors. 


1. Virchow’s case showed both carcinomatous and sarcomatous 
nodules, that had metastasized in the liver. 
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2. Ceelen’s ® case showed irregular adenocarcinoma with many 
mitotic figures in a cystic mediastinal dermoid with invasion of the 
lung, and lymph node metastasis. 

3- Jores,?° described his case as a cystosarcoma with pulmonary 
metastasis. 

4. Pinder, lymphosarcoma in part spindle-celled. 

Ritchie, embryoma in mediastinum. 

Lindstedt, adenomyxochondrosarcocarcinoma. 

Lambert and Knox, chorionepithelioma. 

Warthin (cited by Lambert and Knox), chorionepithelioma. 

9. Pohl,” a child three years of age that showed a mediastinal 
tumor with sarcomatous transformation. 

10. Schutt (cited by Lambert and Knox), an alveolar sarcoma 
and adenocarcinoma both of which were found to have invaded 
blood vessels. 

11. Black (cited by Lambert and Knox), some few carcinomatous 
areas. 

12. The case reported above, adenocarcinoma. 


SUMMARY 


1. A case of malignant teratoma is reported. 

2. A resumé of the literature indicates that these tumors should 
be classed as teratomas rather than as dermoids. 

3. About ro per cent of these tumors undergo sarcomatous or 
carcinomatous transformation. 
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DESCRIPTION OF PLATES 


PLATE 55. 
Fic. 1. A section from the main tumor showing the adenomatous character. 
Fic. 2. Invasion of thyroid. 
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PLATE 56. 


Fic. 3. A posterior view of tumor showing its relation to trachea and bronchial 
tree. 


Fic. 4. Tumor proliferation in the meninges. 
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TWO OF THE RARER CONGENITAL ANOMALIES OF 
THE HEART * 


IstvAN GAspAr, M.D. 
(From the Laboratory of the Rochester General Hospital, Rochester, New York) 


I. ABSENCE OF ONE PorTION OF THE AoRTIC ARCH WITH 
STENOSIS OF THE AORTA AND WITH DEFECT IN 
THE INTERVENTRICULAR SEPTUM 


Stenosis of the isthmic part of the aorta is quite common but be- 
sides this developmental failure other anomalies may occur in this 
region. Such developmental anomalies are: (1) destruction of the 
isthmus in which there is a thicker or thinner connective tissue 
bundle present between the arch and descending portion of the 
aorta; and, very rarely, (2) an entire absence of this portion. The 
absence of this isthmus is the most extreme grade of malformation 
occurring here. It is characterized by the finding that the aortic 
arch and descending aorta end blindly and that there is absolutely 
no connection between them. About eight such cases are described 
in the literature. The blood of the right ventricle empties into the 
thoracic part of the descending aorta, but there are usually other 
anomalies present which cause the venous blood to be mixed in the 
heart, and in such cases life is prolonged. 

Not only the isthmus of the aorta but a larger portion of the 
aortic arch may be absent. This condition occurred in the following 
case and was associated with other cardiac anomalies. 


I 


Clinical History: A small undernourished, white, female infant 
of 6 months draining profusely from both ears. She has vomited 
continually since birth. The heart is enlarged and there is a loud, 
blowing murmur heard over entire precordium. No thrills are felt. 
The child becomes very cyanotic during crying spells. It was ad- 
mitted with a diagnosis of bilateral otitis media and congenital 
heart disease. 


* Received for publication February 21, 1929. 
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Necropsy Report: (No. A. 28-80). The postmortem examination 
reveals a bilateral paravertebral type of bronchopneumonia as the 
cause of death. A chronic catarrhal colitis was also found involving 
the transverse and descending colon and the sigmoid. 

The position of the enlarged heart is normal. Its measurements 
are: length 60 mm., transverse diameter 62 mm., sagittal diameter 
37 mm. The left ventricle forms the apex but the right ventricle is 
much larger than the left. The pericardium and endocardium are 
smooth. The auricles are normal in size and position, and the venae 
cavae and pulmonary veins empty in the proper auricles. The fora- 
men ovale is patent, and is 2 by 4 mm. in size. Both ventricles are 
dilated, and their muscular walls are hypertrophied. The wall of 
the right ventricle is 1 cm. and the wall of the left ventricle is 7 mm. 
in thickness. The mitral and tricuspid valves are in their normal 
anatomical position and are smooth and thin without evidence of 
inflammation. The pulmonary artery is wide, 15 mm. in diameter, 
and its semilunar valves are large but thin. The wide opened ductus 
arteriosus empties into the descending thoracic aorta at which 
junction the left subclavian artery is given off. The aortic opening 
is diminished in size so that its diameter is only 5 mm. The three 
aortic valves are small, corresponding with the narrowed lumen, 
but they are normal. Right and left coronary arteries originate from 
the corresponding valvular sac. The much narrowed aorta branches 
into the innominate and left common carotid arteries but a portion 
of the arch between this and the left subclavian artery is entirely 
missing. Even a single, string-like connective tissue strand is absent 
(Fig. 1). There is a round defect, 8 mm. in diameter, in the inter- 
ventricular septum under the orifice of the large arteries. Both 
ventricles are connected through this defect. It is lodged in the pos- 
terior half of the interventricular septum (Fig. 2). 

Summarizing the pathological changes of the heart, we find: (1) 
an entire absence of one part of the aortic arch; (2) a patent ductus 
arteriosus; (3) a patent foramen ovale; (4) a very much narrowed 
aorta; and (5) subaortal defect in the interventricular septum. 
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DISCUSSION 


The most interesting and important anomaly in this case is the 
missing portion of the aortic arch. To understand better the exis- 
tence of such a possibility, we must recall the developmental proce- 
dure of the vessels. At about the third week of embryonic life, six 
lateral branchial vessels arise from the divided truncus arteriosus 
(Fig. 3a). In the course of development modifications occur which 
consist in the disappearance of several arches. In this way the first, 
second and fifth pairs of arches and the right sixth arch disappear. 
From the other arches the permanent arteries are formed. The third 
pair becomes the external carotid arteries. The right fourth arch 
forms the proximal portion of the right subclavian artery. The left 
fourth branchial vessel together with the left dorsal longitudinal 
stem become the arch of the aorta. The sixth branchial vessels be- 
come the pulmonary arteries, the persisting connection of the left 
one being the ductus arteriosus (Fig. 35). In our case, this normal 
development did not occur. The portion of the aortic arch lying 
between the left common carotid artery and ductus arteriosus is 
missing because the left fourth branchial arch was not laid down in 
embryonic life. If the fourth branchial arch had been present in 
early life, we would find a very thin, fibrous bundle connecting the 
ascending and descending aorta. Only the pulmonary artery is con- 
nected with the descending thoracic aorta by the dilated ductus 
arteriosus (Fig. 3c). Accordingly, the descending aorta arises from 
the pulmonary artery. 

Another developmental anomaly of the heart was the stenosis of 
the aorta. Aortic stenosis is rarer than stenosis of the pulmonary 
artery. In this case the position of the aorta and pulmonary artery 
was normal, the aorta arising from the left ventricle posteriorly on 
the left and the pulmonary artery anteriorly on the right. The 
truncus septum divided the truncus arteriosus into two unequal 
parts, but it was rotated 225 degrees as it is usually, and its plane 
corresponded with the interventricular septum. The interventricu- 
lar subaortic septum defects are usually due to the imperfect rota- 
tion of the septum trunci. The membranous septum is finally closed 
by the septum trunci if its plane is the same as that of the interven- 
tricular septum. Otherwise the fusion fails and various-sized de- 
fects occur. In spite of this fact there is an interventricular septum 
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defect present, the cause of which is probably due to the fact that the 
very narrow truncus septum was not large enough to close the large 
interventricular opening. According to Ménckeberg,! the develop- 
mental anomaly of the truncus septum, causing aortic stenosis, is 
accompanied at the same time by defects of the interauricular and 
interventricular septa. 

The ductus arteriosus remained wide open. In this case the high 
blood pressure, existing in the pulmonary artery, might have some 
relation to it. But the fact that a high blood pressure itself would 
not be sufficient to cause a patent ductus arteriosus will be demon- 
strated by the second case. We must agree with Ménckeberg that, 
in this and similar cases including isthmic stenosis, both anomalies 
occur independently but in coérdination one with the other. 

The blood circulated in the following way: From the large veins 
the venous blood emptied into the right auricle and from there into 
the right ventricle. Through the patent foramen ovale and inter- 
ventricular defect a part of this venous blood passed into the left 
auricle and also into the left ventricle. From the pulmonary artery 
a portion of the venous blood ran into the branches of this vessel; 
the other portion emptied through the ductus arteriosus into the 
descending aorta. The oxygenized blood, coming from the pul- 
monary veins, filled the left auricle and afterwards the left ventricle 
but it was mixed with venous blood through the defects. This mixed 
blood supplied the aorta, innominate and carotid arteries. There- 
fore, the head and right arm received a mixed blood, the other or- 
gans a venous blood supply. 

In spite of the fact that the blood supply was very poor it did not 
cause serious trouble and the life of the child was somewhat pro- 
longed. 


SUMMARY 


A rare anomaly of the heart is described — the entire absence of 
the aortic arch, which occurred because, in embryonic life, the fourth 
left branchial artery was not laid down. The rarer type of aortic 
stenosis was also found with an interventricular septum defect. The 
congenital heart anomaly had no relation to death, the cause of 
which was a general malnutrition and bronchopneumonia. 
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II. IsoLATED TRANSPOSITION OF VENTRICLES, ACCOMPANIED BY 
THE ORIGIN OF BOTH AORTA AND PULMONARY ARTERY FROM 
THE LEFT VENTRICLE, AND BY STENOSIS OF THE AORTA 


There are but a few cases in the literature reporting both the 
aorta and the pulmonary artery arising from the right ventricle. 
The development of this anomaly may be sufficiently explained by 
the incomplete developmental course, namely the defective twisting 
of the septum trunci. 

Still rarer are the cases in which the large arteries originate to- 
gether from the left ventricle. We thought it therefore worth while 
to describe the following case, as we could not find a similar one in 
the available literature. The other associated anomalies also added 
an interesting feature to this case. 


Case II 


Clinical History: Newborn, white, male infant. In the first forty- 
eight hours of extrauterine life no abnormalities were found. On the 
third day the heart-beats and breathing became rapid. The same 
night the baby became cyanotic and was breathing very rapidly. 

On the fourth day X-ray examination showed enlargement of the 
heart and a possible enlargement of the thymus gland. Otherwise 
the heart-beats were not so frequent as normal, but a faint murmur 
was heard. The respirations were very rapid and shallow on the 
afternoon of the fourth day, 60 to 80 per minute, and the cyanosis 
was marked. This condition was soon followed by death. 

Necropsy Report: (No. A. 27-34.) The body of a well developed, 
newborn, white, male infant. The skin, especially that of the face 
and neck, is congested. Lungs, liver, spleen and kidneys are con- 
gested. The heart is enlarged, due to the left ventricle which forms 
the wide and round apex, while the right ventricle seems to be very 
small. Externally it is noticed that the pulmonary artery is wide 
and that it is connected with the descending thoracic aorta by the 
thick ductus arteriosus. The ascending aorta is narrow and increases 
at the arch up to the point where the ductus arteriosus joins causing 
a conical isthmic stenosis. The right coronary artery appears very 
wide (Fig. 5). The measurements of the heart are as follows: 
length 6 cm., width 4.5 cm., sagittal diameter 3 cm. The left ven- 
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tricle is dilated and the trabeculae are flattened, the wall is 5 mm. 
in thickness, but at the apex only 3 mm. The right ventricle seems 
to be contracted to the limit, the wall being 6 to 7 mm. thick but the 
lumen only a crevice-like space. The heart muscle is grayish yellow, 
especially subendocardially in both ventricles. Both auricles are 
dilated and connected by the 7 by 5 mm. wide-open foramen ovale. 
The venae cavae superior and inferior empty into the right, and the 
pulmonary veins into the left auricle. The right venous orifice is 
narrow, 4 mm. in diameter and has two very small cusps, 2 by 2 mm. 
broad, one anterior and one posterior. No artery originates from this 
ventricle. The left venous orifice is wide, 18 mm. in diameter, and 
its valve has three cusps, one posterior, one medial and one anterior, 
which are in accordance with the size of the orifice. Both pulmonary 
artery and aorta arise from this ventricle, the pulmonary artery 
being situated at the left in front, the aorta somewhat to the right 
and posterior to it. The opening of the pulmonary artery is wide, 
13 mm. in diameter, while that of the aorta is narrow, being only 4 
mm. (Fig. 4). The truncus septum ends free in the left ventricle 
with a downward concave edge, and it is adherent to the medial 
valve. At the right end of the septum trunci there is a black pepper- 
sized membranous mass with a pinpoint-sized opening. Through 
this opening, one can pass a probe into the right ventricle. The 
dilated trunk of the pulmonary artery gives its main branches to 
both lungs but the ductus arteriosus, which has a lumen 2.5 mm. in 
diameter, is entirely obstructed by a thrombus slightly adherent 
to the wall. 

There are right, left and anterior semilunar pulmonary valves, 
and right, left and posterior aortic valves. The former are large, 
the latter small. Both coronary arteries arise from their usual posi- 
tion. The left one is very thin and small. The right one has a large 
opening above the right semilunar valve and at first turns to the 
right, running for a while in the auriculoventricular groove. Arriv- 
ing at the posterior interventricular groove it bends toward the 
apex but does not reach it. It appears very large externally and 
shows an aneurysm-like dilatation. Several cross-sections were 
made through the right ventricle, and it was found that the wall of 
the right coronary artery was very thick. Its lowest part, which 
shows the aneurysm-like dilatation, is directly connected by a wide 
passage with the small, crevice-like cavity of the right ventricle. 
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Histological examination shows that the right coronary artery 
has a thickened wall with a thickened intima. At the point where 
this artery is connected with the right ventricle its wall gradually 
diminishes and disappears. In the ductus arteriosus there is an 
organizing thrombus occluding about half of the lumen. On top of 
this there is a recent thrombus which is obstructing the entire lumen 
of the ductus. In the lungs there is a hyperemia and the capillaries 
are very much dilated and filled with red corpuscles. 

Summarizing the anatomical situation in the heart, we find: (1) 
both pulmonary artery and aorta arising from left ventricle; (2) 
aortic stenosis; (3) isthmic stenosis of aorta; (4) thrombosis of the 
previously dilated ductus arteriosus; (5) tricuspid valve on the left, 
bicuspid on the right of the interventricular orifice; (6) an unusual 
course of the large right coronary artery; and (7) an open foramen 
ovale. 


DISCUSSION 


In the early stage of embryonic development the truncus arte- 
riosus is situated on the right side of the curved heart tube. There- 
fore, the origin of the pulmonary artery from the right ventricle is 
already given at that time. The origin of the aorta from the left 
ventricle is due to the rotation of the septum trunci, but the entire 
separation occurs only with the development of the membranous 
part of the interventricular septum. In the present case there is a 
tricuspid valve present in the left ventricle, and a mitral valve in 
the right, while the auricles have a normal position. The position of 
the truncus arteriosus was therefore on the left side in embryonic 
life. This was due to the fact that the portion of the heart tube from 
which the ventricles are formed twisted in just the reverse way to 
the normal procedure, but the auricles kept their usual arrangement. 
This is an isolated transposition of the ventricles with a tricuspid 
valve in the left and with a mitral valve in the right venous orifice. 
Accordingly, the origin of the truncus arteriosus from the left ven- 
tricle took place in embryonic life. The fact that both large arteries 
originate from the left ventricle is the result of a developmental 
anomaly of the septum trunci. Therefore we found the more fre- 
quently occurring type of aortic stenosis. The septum trunci, which 
in stenosis divides unevenly the truncus arteriosus, may twist from 
left to right 225 degrees. This is the rarer form of aortic stenosis 
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(Fig. 62). Under such circumstances each artery originates from a 
different ventricle. Such an anomaly was presented with the first 
case. The other type of aortic stenosis is formed by the rotation of 
the septum trunci through only 135 degrees in the usual direction 
instead of 225, causing the pulmonary artery to remain left an- 
teriorly, the aorta right and posteriorly (Fig. 6b). This latter 
anomaly occurred in the present case. The truncus septum is prac- 
tically in a perpendicular plane to the interventricular septum and 
the pulmonary artery runs almost parallel with the aorta. The 
twisting direction of septum trunci is normal and the pulmonary 
artery should originate from the right ventricle, but due to the un- 
satisfactory rotation it arises from the left ventricle together with 
the aorta. This unsatisfactory twisting is most commonly the cause 
of the wrong origin of the large arteries (Ménckeberg). 

The conical isthmic stenosis of the aorta is in close connection with 
the aortic stenosis. A lesser amount of blood was circulating in the 
stenosed aorta and this portion adapted itself to the smaller amount 
of blood. The descending thoracic aorta soon reaches its regular 
size. 

The pinpoint-sized defect in the ventricular septum membrana- 
ceum represents the typical subaortic defect and it is only very 
small. The pars muscularis of the anterior part of the interventri- 
cular septum is well formed. The defect is surrounded by a ring-like 
membrane, which is formed by the septum intermedium. Complete 
closing could not be performed, because this is done by the septum 
trunci, which must have the same plane as the interventricular 
septum. 

The wide and thick ductus arteriosus is obstructed by a thrombus. 
One part of the thrombus shows organization, but the other is very 
recent, occurring probably only in extrauterine life. 

In a case of isthmic stenosis of the aorta the ductus arteriosus is 
usually opened and wide. It is evident that the increased blood pres- 
sure has some relation to the widening and prolonged opening of this 
passage. But that it is in itself not sufficient to cause it we can 
demonstrate with this case. The blood pressure in the pulmonary 
artery was undoubtedly higher than normal because the whole 
amount of the blood of both auricles emptied in the left ventricle. 
From here a larger part of the blood passed in the pulmonary artery 
and, subsequently, in the ductus arteriosus increasing the pressure. 
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In spite of this the ductus is obliterated. We can explain this only 
by the fact that when in the development of the ductus there is no 
anomaly the obliteration by thrombosis will occur even against an 
increased pressure. 

The patent foramen ovale is in close relationship to the increased 
blood pressure existing in the right auricle, while in the left auricle 
the pressure is much less. 

The right coronary artery is markedly large, and its direct connec- 

tion with the right ventricle is hardly explainable. 
, The blood supply of the body in this case was supplied always by 
means of a mixed blood, but it was fairly satisfactory. When the 
ductus arteriosus became absolutely obstructed (which was practi- 
cally the beginning of the dangerous symptoms) the large blood cir- 
culation received only a part of the necessary blood. This amount 
was not sufficient to furnish enough oxygen, and cyanosis developed 
which was increased by the slow passing venous blood. The left 
ventricle was supplied with a very small coronary artery, degenera- 
tion developed, and with the dilatation of this ventricle death 
occurred. 


SUMMARY 


A congenital heart anomaly is presented, in which an isolated 
transposition of ventricles occurred. Both large arteries, the aorta 
and the pulmonary artery, arise from the left ventricle. This is ex- 
plained by the imperfect rotation of the septum trunci, which di- 
vided the truncus arteriosus, causing an aortic stenosis. A very 
small subaortic defect was found. The independent behavior of the 
ductus arteriosus and its importance in relationship to the dangerous 
results of the case are also pointed out. 
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DESCRIPTION OF PLATES 


PLATE 57. 


Fic. 1. Absence of one portion of aortic arch, aortic stenosis, and descending 
thoracic aorta arising from pulmonary artery. 


Fic. 2. View of the wide pulmonary artery, right ventricle and interventricular 
septum defect. 
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PLATE 58. 


Fic. 3. (a) Arrangement of the branchial vessels in embryonic life. 
(6b) Normal development of the persistent arteries. 
(c) Diagram of the developmental anomaly occurring in the first case. 


Fic. 4. Aorta and pulmonary artery arising from the left ventricle and stenosis 
of aorta. 
Fic. 5. The wide right coronary artery as seen from the diaphragmatic surface 
of the heart. 
Fic. 6. (a) Diagram showing rotation of septum trunci in the rare: form of 
aortic stenosis. 
(6) Rotation of septum trunci in the frequent form of aortic stenosis. 
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STUDIES ON SEX. INTERSTITIAL CELLS IN GIGANTISM * 


Wa. G. Downs, Jr. 


(From the Departments of Anatomy and Pathology, University of Pennsylvania, 
Philadelphia, Pa.) 


A survey of the endocrine literature reveals the fact that the in- 
terstitial cells of the testis (Leydig) are generally credited with a 
definite internal secretion responsible for limiting growth and for 
producing secondary sex characteristics of the masculine type. 
These cells, while probably of connective tissue origin, differ mark- 
edly from the connective tissue cells proper to be found in the spaces 
between the tubules, Whitehead,’ Kaufman,? Boring and Pearl,* 
Mott,’ Eberth,® Freiberg,® and others. They are large, oval, epi- 
thelioid cells containing numerous crystalloids of variable size and 
staining qualities, and susceptible of stain differentiation from the 
surrounding connective tissue cells (Figs. 1, 2, 3, and 4). 

It has been supposed (Kaufmann,? Bouin and Ancel,’ Barker,® 
Bramwell,® Geddes,!° Kasai," Lipschiitz,” Griffiths,* and others) 
that gigantism with feminism was probably due to absence or change 
of the secretion of the interstitial cells. For this reason, it is felt that 
a report of the following case may be of some interest. 

While making a study of the dental conditions in the endocrine 
cases among the patients of the Michigan Home and Training 
School at Lapeer, Michigan, in the fall of 1927, I was permitted to 
examine and to obtain a relatively complete history of a male pa- 
tient in whom gigantism was not coupled with definite eunuchoid 
or feminoid characteristics. Upon the death of this individual, it 
was my privilege to make a partial postmortem examination, in- 
cluding a number of X-rays, and to obtain one of his testes for 
microscopic study. 

The subject, a feeble-minded patient, died from an acute intestinal 
obstruction, apparently not connected with his supposed endocrine 
condition. At death, he was 47 years old. His genetic history, as 
far as could be ascertained, was negative. The only feature worthy 
of note was the fact that he had meningitis during his tenth year. 
Prior to that time, it had been noted that he was not of average men- 
tality, but nothing of a somatically abnormal nature had been re- 
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marked. His increase in stature, together with the hyperplastic 
condition of his genitalia, date apparently, from that infection. His 
height was 793 inches. He had grown 53 inches since the age of 
twenty-one, at which time he had been admitted to the institu- 
tion. His head circumference was 24? inches at the level of the 
frontal prominences, which were quite marked. His chest measure- 
ment was 38} inches. The penis from symphysis pubis to end of 
glans was nearly 8 inches in length in the postmortem condition, 
and the testes and scrotum were proportionately large. From the 
crest of the ileum to the soles of his feet measured 44 inches. His 
hip measure was 47 inches. It will be seen from these figures that 
he was slightly macrocephalic and only a trifle, if at all, feminine in 
contour. These minor variations were in turn offset by the fact that 
his external genitalia were decidedly hyperplastic and that, inas- 
much as he was a constant and frequent masturbator, there cer- 
tainly was no marked decrease in his libido. Neither was there any 
definite mark of feminism about his facies or hairy development, 
unless the fact that his beard was limited to the chin and the lower 
anterior portion of his face might be so considered. Except for their 
size, the X-ray disclosed his long bones to be of about normal con- 
tour and density, merely showing a definite epiphyseal line. The 
pituitary, while it could not be examined microscopically, did not 
appear abnormal on X-ray. 

Microscopic examination of the testis revealed the tubules and 
their contained cells well within the bounds of the average for the 
patient’s age, consequently safely classed as normal. There was a 
notable increase in the amount of interstitial connective tissue. 
While there were cells present in the interstitial spaces, they were 
certainly not normal “‘interstitial” cells. These cells were through- 
out spindle-shaped, lacking the clear ovoid outline, both of nuclei 
and cells proper, shown by typical interstitial cells. They lacked also 
the granular cytoplasm and the nuclear chromatin net shown by the 
interstitial cells of Leydig. In many cases they were larger than the 
connective tissue cells usually are, but, due to their form and archi- 
tecture, I believe them to be only connective tissue elements. 

The case is very largely that of fibrosis testis as described by 
Kuntz and others, except that these authors do not mention a 
complete lack of interstitial cells (Figs. 1, 2). Oslund*® thought 
there was an interchangeability of the two types of cells under vary- 
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ing conditions. It is not impossible that in the case which is the 
subject of the present study, the normal interstitial cells may have 
been present up to and following puberty, possibly until the age of 
21 years, when the later skeletal overgrowth became apparent. 
Toxicity or exhaustion due to frequent masturbation could conceiv- 
ably be the cause of their disappearance and the later appearance 
of many symptoms generally attributed to dysfunction of these cells. 

One would expect to find as the result of an absence of interstitial 
cells, in addition to possible gigantism, definitely feminine secondary 
sex characteristics and a marked diminution of the libido. Were 
dyspituitarism the cause of the condition, as has been indicated by 
Cushing * in cases in many ways similar, one would still expect to 
find the feminine type of sex characteristics and the decreased 
libido (Hutchinson,” Frank,!* and others). In addition to the fact 
that neither of these conditions existed in this case, one must note the 
presence of hyperplastic genitalia and no evidence of delayed closure 
of the epiphyses, all of which would seem to eliminate the pituitary. 

There is no scarcity of literature to demonstrate the effects of 
castration upon the development of the bony skeleton or upon 
changes in the secondary sexual characteristics (Myers,!® Moore,” 
Kuntz,‘ Dixon”). The removal of the testes entirely, undoubtedly 
appears to remove from the body some hormone which affects these 
conditions to a marked degree. However, the opinion that this 
hormone is the product of the interstitial cells solely does not seem 
to be entirely warranted. In addition to the fact that such a secre- 
tion might come from other testicular cells, it must be remembered 
that castration involves the loss of what is probably the most im- 
portant function of the organism, that of procreation. It is scarcely 
to be believed that such an interference could take place without an 
observable reaction in the organism, even should this reaction be 
largely or wholly psychic. Doubtlessly, a hormone or hormones are 
involved, but it is hardly necessary to limit the effect of castration 
to their action. 

Myers,’® in studies upon vasectomized rats, compared the effects 
of vasectomy with those of castration. He noted that in vasectomy 
no marked physical or psychical changes resulted, and also that 
there was no observable change in the interstitial cells. On the other 
hand, spermatids and spermatozoa degenerated. Following castra- 
tion there were marked changes of a somatic and psychic nature, 
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i. €., reversion to feminoid physical type and unstable mental con- 
dition. His very logical conclusion was that the interstitial cells 
controlled these conditions. He did not remark upon the Sertoli 
cells or the spermatogonia, but it is true that vasectomy does not 
markedly alter these cells, and it is at least possible that either or 
both may secrete the hormone or hormones involved. The same 
considerations apply to the work of Hanes ” as to that of Myers just 
mentioned. However, Boring and Pearl* in a rather exhaustive 
study of the interstitial cells under varying conditions, felt that their 
appearance was so irregular that no definite endocrine function 
could be safely ascribed to them. Oslund ?* found that vasectomy 
had little or no effect upon any of the testicular cells, and that ex- 
perimental cryptorchidism produced atrophy of sex cells, but hyper- 
trophy of interstitial tissue. While Des Cilleuls,* like Myers, 
Hanes, and others, felt that the case for the endocrine character of 
the interstitial cells was made, the later more detailed work of Bor- 
ing and Pearl, using the same type of animals as Des Cilleuls, seems 
to weaken the nature of his conclusions. 

Warthin * from many years of careful clinical and laboratory ob- 
servation, feels that the weight of the evidence is in favor of the func- 
tion of the cells of Leydig being mainly a nutritive one. Bramwell,® 
Cushing,”® P. E. Smith,» Van Wagenen * and others, approaching 
the study from both laboratory and clinical angles, have felt that 
conditions of the sort mentioned, could be ascribed to the anterior 
lobe of the hypophysis, especially as regards the variations in bony 
growth. My own work on dogs” would tend to confirm this. 

Frank considered that due to the immensely conflicting nature of 
the evidence no positive conclusions could be drawn as to the effect 
of either interstitial cells or pituitary, from either the published ex- 
perimental or clinical observations. Kasai in a particularly complete 
study on a long series of human autopsies found such wide variations 
in both interstitial and intratubular cells in individuals coming well 
within normal limits, as well as those of a distinctly abnormal make- 
up, that he was unwilling to draw conclusions as to the possible en- 
docrine function of either of these cell types. Diirck ** found no 
regularity in the appearance of the interstitial cells in varying con- 
ditions, unless it was a tendency toward increasing paucity as the 
result of debilitating disease. This same tendency was remarked by 
Mills *® in his studies of the testes of patients dying in the army 
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camps from pneumonia and influenza. The former of these writers 
(Diirck), also cited one of the few cases to be found in the literature 
of complete absence of interstitial cells, but his case, totally at the 
opposite extreme from that reported here, was a cretin, with hypo- 
plastic genitalia. Diirck’s case and mine, diametrically opposed in 
build and the sex characteristics, but both presenting an absence of 
interstitial cells, would argue against the réle of these cells in in- 
fluencing either or both of these conditions. 

Hosftatter *° was unable to influence the testicular cells to a defi- 
nite degree by the transplantation, injection, or feeding of pituitary 
preparations. 

Lipschiitz,* in his exhaustive study of the sex glands, found that 
the adult interstitial cells came into prominence at about the period 
of puberty. He also noted that continued intoxication of any kind 
caused their atrophy. Finally, he concluded that the evidence was 
in favor of these cells being endocrine in'their nature, although he 
admits that he does not consider the case definitely or finally 
proved. His findings regarding both their time of appearance and 
conditions causing their atrophy would be fully as apt to apply to 
cells of a purely nutritive or supporting character as they would to 
endocrine cells. 

Sand * and Kuntz found that frequently there was an increase in 
the intensity of sexual ardor coincident with hyperplasia of the in- 
terstitial ceils. On the other hand, the case described here argues 
that the absence of these cells by no means necessitates a diminution 
in that intensity. 

Tsuji * demonstrated that thyroid extracts had a definite effect 
upon all of the testicular cells, but apparently did not feel that that 
proved their endocrine character. Freiberg accepted the belief that 
the interstitial cells were definitely endocrine and with that assump- 
tion made a study of their changed appearance under varying 
conditions. 

Hudovernig and Popovits ** and Hudovernig ** reported a case 
carefully studied clinically over a period of years. Their case is so 
markedly similar to the case which is the subject of this study, that 
they may be considered as similar in type and possibly in etiology. 
By the method of trial and error, they were finally able to improve 
this patient’s condition by the administration of ovarian extracts. 
This in spite of the fact that the patient was a male. This would 
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seem to argue against the specificity of any hormone secreted by the 
testicular interstitial cells. 

On the whole, the more complete the review of the literature on 
this subject, the more apparent it becomes that there is a complete 
lack of accord among the investigators who have studied the inter- 
stitial cells. The general trend of belief is that they constitute an 
endocrine organ, although very few workers will take this stand with 
any degree of positiveness. On the other hand, there is slight evidence 
to point toward their nutritive character, although again, no conclu- 
sive studies resulting in this view have thus far been submitted. 

In eunuchoidism, it is remarkable that, although the secondary 
sex characteristics are apt to be affected markedly, and that fre- 
quently there is an increase in stature, there is a possibility of nor- 
mal interstitial cells, or even of hyperplasia of these cells. In vasec- 
tomy, psychic and somatic qualities remain apparently normal and 
there is little, if any, change in the interstitial cells. In individuals 
with normal physical and sexual characteristics all variations of the 
interstitial cells have been noted. The giant may show complete 
absence of interstitial cells and so may the cretin. Coincident with 
hypoplastic genitalia, there may be an increase in these cells, while 
the same condition may prevail in the individual with hyperplastic 
genitalia. Considering this complete lack of any sort of regularity 
in their appearance in the various types of physical and psychical 
aberrations or even in normal cases, it is extremely difficult to attri- 
bute to these cells any very important endocrine character. 


SUMMARY 


1. The case presented here, a definite giant, did not have the 
hypoplastic genitalia or the marked feminine secondary sex char- 
acteristics usually associated with such a condition. 

2. Microscopically there was an apparently complete absence of 
testicular interstitial cells, which, while they are supposed to limit 
bone growth, are likewise supposed to produce, in part at least, the 
masculine type of secondary sex characteristics. 


Norte: I wish to express my indebtedness to Drs. W. J. Kay and 
M. O. Blakeslee, of the Lapeer Institution, and to various members 
of the staffs of the Universities of Michigan and Pennsylvania, in 
particular, Dr. Geo. S. de Renyi, who gave me such kind assistance 
in preparing the illustrations. 
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DESCRIPTION OF PLATES 


PLATE 59. 


Fic. 1. Photomicrograph of testis of case cited, showing great increase in 
quantity of stroma, but no normal interstitial cells (Leydig). x 360. 


Fic. 2. Photomicrograph of normal human testis, showing numerous inter- 
stitial cells. x 360. 
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PLATE 60. 


Fic. 3. Camera lucida drawing of interstitial cells from a normal testis (a); 
connective tissue cells from stroma of case cited (b); an erythroycte (c), 
for comparison of size. x 1600. 


Fic. 4. Retouched photomicrograph of normal testis showing interstitial cells 
(a); connective tissue cells (6); (c) a normal polymorphonuclear neutro- 
phile. x 1500. 
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MYELOBLASTIC SARCOMA OF THE CRANIUM * 


Epwin F. Hirsca 
(From the Henry Baird Favill Laboratory of St. Luke’s Hospital, Chicago, ml.) 


The proper classification of newgrowths composed essentially 
of myeloid tissue and its supporting stroma has been the theme of 
many discussions and lengthy reports. Whether the multiple myelo- 
mas, for example, are true tumors or simply narrow tissue hyper- 
plasias and, in that sense, systemic disorders, is a question about 
which there is no unanimity of opinion. Theories in regard to 
Sternberg’s leukosarcomas, the chloromas, and other related diseases 
of the bone marrow are equally conflicting, and no interpretation of 
the nature of these diseases is accepted unequivocally. The purpose 
of my report, therefore, is not to attempt to arrange these views in 
some acceptable order by discussing them at length, but rather to 
place on record an account of a huge solitary myeloid growth of the 
head with extensive destruction of the regional bone tissues and with 
metastases into the lymph nodes of both sides of the neck and into 
the right lung. In all of these places there were cellular structures 
and tissues which resembled certain components of bone marrow 
tissue. 

REPORT OF CASE 


Clinical History: C. B., a negro, aged 52 years, entered the Ear, Nose, and 
Throat service of Dr. W. H. Theobald at St. Luke’s Hospital, September 29, 
1928, complaining of pain and soreness over the right eye for about a year, and 
a swelling for two months. At that time the physical examination disclosed a 
fluctuant mass about the size of a walnut in the right frontal region, and a 
purulent exudate escaping from the upper ethmoidal regions on both sides. 
The pupils were equal and regular but did not react to light. The lymph nodes 
of the neck were somewhat enlarged and the diagnosis “empyema of the frontal 
sinus” was made. Dr. Theobald, on October 4th, attempted to drain the frontal 
sinuses but found only a little exudate in the mass bulging over the eye. He was 
surprised to discover that the frontal bone was eroded and penetrated, and that 
the right sinus was filled with gray-white, friable tissue. This tissue extended 
through the posterior wall to the dura and to some extent filled the left frontal 
sinus. Tissues removed at this time were considered to be like lymphosarcoma, 
although the cells in the stroma were much larger than those usually noted 
in these growths. There were no serious consequences from the operation. 
The spinal fluid was unchanged. On October 12th, the blood contained 
3,680,000 erythrocytes and 9,700 leucocytes per cubic millimeter, and the 
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hemoglobin was 69 per cent. The distribution of the leucocytes was as follows: 
70 per cent neutrophil and 5 per cent eosinophil polymorphonuclear leucocytes, 
20 per cent small and 5 per cent large lymphocytes. On November 4th, the 
patient complained of dizziness, tinnitus, and diminished vision. A cervical 
lymph node as large as a walnut was noted under the center of the left sterno- 
cleidomastoid muscle on November 6th. A roentgen examination by Dr. E. L. 
Jenkinson on November roth, failed to demonstrate metastases of the lungs. 
By November 13th, both sides of the nose had become occluded by the rapidly 
growing tissues, and the growth over the right eye had increased markedly in 
size. On November atst, the blood contained 2,950,000 erythrocytes and 62,000 
leucocytes per cubic millimeter, and 49 per cent hemoglobin. A few leucocytes 
but no other abnormalities were found in the urine. The tumor mass over the 
right frontal region grew rapidly and ulcerated in several places. Blindness of 
the right eye and diminished vision of the left followed. After gradually becom- 
ing weaker, the patient died December 9, 1928, at 3.00 A.M. 


The postmortem examination of the head, neck, and trunk was 
started seven hours later. 

The essential portions of the anatomic diagnoses are: huge pri- 
mary myeloblastic sarcoma of the cranium with extensive destruc- 
tion of the ethmoid, nasal, superior maxillary, frontal and sphenoid 
bones; marked sarcoma invasion of both orbits; sarcoma metastases 
of the left submaxillary, the right and left deep cervical lymph nodes, 
and the right lung; displacement, compression, and superficial in- 
vasion of the anterior portion of both frontal lobes of the brain; 
acute purulent ethmoid, sphenoid, and left maxillary sinusitis; 
marked emaciation; cloudy swelling of the liver and kidneys; fatty 
changes of the liver; diminished lipoid content of the suprarenal 
glands; chronic emphysema, and bronchiectasis of the lungs. 


Autopsy REPORT 


Only the pertinent portions of the postmortem record are men- 
tioned. The body of this negro weighed 100 pounds. The left eye 
was prominent. The nose was flattened and deviated to the left 
because of a large fungoid mass of tissue that covered the right 
frontal bone and extended to the left of the midline 4 cm. and up- 
ward 10 cm. from the nasion. This mass was 14 cm. in diameter 
and as thick as 8 cm. It hung down on the right side so as to cover 
the right eye and maxilla like a huge cauliflower. Three ulcers, 
each about 7 cm. in diameter, included approximately half of the 
outside. The tissue in this mass was gray-white, soft and friable 
like brain substance. 
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The scalp tissues were reflected in the usual way. Most of the 
tissue growth was outside of the skull, but in front, corresponding 
to the right superciliary arch, the bone tables were destroyed. 

Brain: The calvarium weighed 450 gm. There was a marked 
hyperplasia of the myeloid diploe. The bone in front was 7 mm. 
thick. The dura was closely adherent. The lumen of the superior 
longitudinal sinus contained fluid and clotted blood; the lining was 
smooth. The leptomeninges of the brain were thin and glistening. 
The tip of the left frontal lobe was adherent for a length of 2 cm. to 
the inside of the dura and to a mass of soft, gray tissue on the left 
side of the midline. This mass extended upward on the falx 3.5 cm. 
from the base of the cranium and 3 cm. backward. There was a 
similar mass of tissue on the right side of the falx, practically as 
large, and both cribiform plates of the ethmoid were covered over 
with these tissues, the right slighly more so than the left. The con- 
tiguous brain substance was pushed away rather than invaded. The 
abundant spinal fluid was clear and colorless. The convolutions of 
the brain were flattened slightly, especially in front, and the sulci 
narrowed. The olfactory bulbs were destroyed. The stalks were 
markedly compressed against the brain substance. The anterior 
poles of both cerebral hemispheres were compressed over areas 
measuring 4 by 3.5 cm. and to a depth of 2 cm. In removing the 
brain these tissues were torn superficially and seemed to be invaded 
slightly with tumor tissue. The leptomeninges between the olfactory 
bulbs and lateral to these for a width of 2 cm. were slightly opaque, 
a thickening which continued back to the optic chiasma, covered 
over the infundibulum, and ended at the anterior margin of the pons. 
The brain weighed 1,220 gm. The lining of the right and left lateral 
and sigmoid sinuses of the dura was smooth. When the dura was 
stripped from the base of the skull a large quantity of thick yellow 
exudate escaped on both sides from the eroded sphenoid sinus. More 
was released when the clivus was cut. In removing the dura from 
the anterior cranial fossa a large amount of friable, gray-white tis- 
sue was torn from along both sides of the midline. This tissue ad- 
herent to the dura was a mass 7.5 cm. long, 6 cm. wide, and as thick 


as 3.5 cm. 

Cranial Bones: There was an extensive destruction of the cranial 
bones, extending forward from the posterior edge of the anterior 
cranial fossa to the ascending portion of the frontal bone, on the 
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right side 1 cm. wide, and 2.5 cm. on the left. The anterior 2 cm. 
of the left orbital plate to the lateral edge were destroyed and re- 
placed by soft, gray tissues, which had grown extensively into the 
left orbit, although small masses of muscle and fat remained. The 
left maxillary antrum was invaded, but the antrum itself was filled 
chiefly with a thick yellow exudate. The ethmoid bones were de- 
stroyed, and the right orbit and maxillary sinus contained much 
tumor tissue. A defect of the frontal bone involving both sinuses 
and including both tables equally on the right and the left of the 
midline was 5.5 cm. wide and extended 3.5 cm. into the nasal septum. 
There were no changes of the middle ears or ear ossicles. 

Lymph Nodes and Glands: The right and left axillary lymph 
nodes were scarcely 1 cm. in diameter. The right and left superficial 
cervical lymph nodes were small, flat, and dark red. The right sub- 
maxillary lymph node was gray-pink, 1.5 cm. in diameter; and the 
left, shaped like a pigeon’s egg, measured 4 by 2.7 by 2.5 cm. and 
consisted largely of white, opaque, friable tissue. Both submaxillary 
salivary glands contained coarsely lobulated brown tissue. In the 
left posterior cervical triangle near the apex, lying beneath the 
sternocleidomastoid muscle, was a large lymph node shaped like a 
goose egg, 8 by 5 by 4.5cm. It extended to the base of the cran- 
ium. Around this were several other small lymph nodes, and the 
medial edge of this mass of lymph nodes was in direct contact with 
the internal jugular vein. The lining of this vein was smooth. 
These masses contained soft, white, opaque tissue, mottled 50 per 
cent with small irregular regions of necrosis. At the apex of the 
right posterior triangle were other lymph nodes, as large as 2.5 cm. 
in diameter. They were along the internal jugular vein, but the 
lining of this vein was smooth. These nodes extended to the base 
of the cranium. The muscles of the neck were unchanged. The 
thyroid gland, weight 19 gm., was symmetrical. There were no 
enlarged lymph nodes along the front of the cervical spine. The 
oral surface of the hard and soft palate was smooth mucosa and the 
tonsils were small. The lymph nodules at the base of the tongue 
were pink. There were no noteworthy changes of the pharynx, 
esophagus, epiglottis, trachea or larynx. The tracheobronchial 
lymph nodes were 2 by 0.7 by 0.5 cm. and contained chiefly soft 
black tissue. 
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Lungs: In the upper lobe of the right lung 6 cm. from the apex 
was a mass of gray-white tissue 1 cm. in diameter. There were no 
other similar masses. 

Other Tissues: The routine examination of the trunk included the 
innominate veins, superior and inferior venae cavae and their main 
branches, heart, aorta and its main branches, thoracic duct, para- 
thyroid glands, liver and its bile ducts, kidneys and ureters, pancreas 
and the duct, spleen, stomach and bowel, prostate, seminal vesicles, 
urinary bladder, vasa deferentia, testes, epididymides, biliary and 
mesenteric lymph nodes, rectum, spine, ribs, and the bones in a 
general way. 


PATHOLOGICAL EXAMINATION 


Because of the changes due to necrosis in the primary growth and 
in order to avoid confusion with tissues into which the tumor had 
grown, the lymph node metastases were considered best suited for 
study, and the tissues in these places were then compared with the 
tissues in the primary growth. These tissues were fixed in Zenker’s 
solution and in formalin. Thin sections prepared by the paraffin 
method were stained with hematoxylin and eosin, phosphotungstic 
acid hematoxylin, May—Griinwald according to Helly,! Giemsa 
(Wolbach’s modifications), and iron hematoxylin. Alcohol-fixed 
material was stained for glycogen. 

Lymph Node Metastasis: The lymphoid tissue of the left deep 
cervical lymph node was entirely replaced by tumor. The appear- 
ance of the tumor varied considerably because of the amount of 
stroma and necrosis. In arranging the description, therefore, it 
seemed logical to describe first those places with practically no 
stroma and then those with increasing amounts of connective 
tissue. 

Sections with Little Stroma: The highly cellular masses of tissue 
were arranged around thin-walled blood channels in masses as large 
as 1mm. in diameter. These consisted of large cells, 20 to 25 microns 
in diameter, closely grouped without stroma like a mosaic, the 
boundaries, fine linear tracings corresponding to membranes of con- 
tiguous cells (Fig. 1). The outline of all of these cells was not the 
same, but the variations were such as occur when flexible globules are 
crowded together. The abundant cytoplasm was granular and vacuo- 
lated. The large vesicular nuclei were oval, round, or indented. The 
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chromatin material of the nuclei was distributed in a few fine 
threads, in a number of small masses along the nuclear membrane, 
or in one large or several small round compact masses. The con- 
tinuity of the mosaic pattern was interrupted by small clefts, usually 
having two or three times the diameter of the cells mentioned. 
Some of these were artefacts, while others were probably the result 
of necrosis or cell shrinkage. In such places there were several 
polymorphonuclear leucocytes and cellular débris. In addition to 
these were much larger regions where the cells were much more 
loosely arranged. With these cells were polymorphonuclear leuco- 
cytes, granular débris of cells, and a number of cells with cytoplasm 
that stained like erythrocytes, some having a few basophilic granules 
and with a solid or coarsely granular nucleus. Similar cells when 
found in stained films of blood are considered, without much hesita- 
tion, to be normoblasts. The granules in the cytoplasm of the cells 
in tissues stained according to May—Griinwald and Giemsa (forma- 
lin, Zenker, and Schaudinn-fixed material) were generally neutro- 
philic, but in the mosaic in direct continuity with these cells, with- 
out regular distribution, were some with coarse eosinophile granules 
and a thick horse-shoe-shaped or lobed nucleus. Many of these 
equalled in size the cells with the neutrophile granules. A few cells 
had a number of coarse basophilic granules. Along the periphery 
of these masses the cells were necrotic. 

Sections with Much Stroma: Where collagenous connective tissue 
was more abundant, narrow septums formed small compartments 
with large, round or polygonal cells of the character mentioned, 
singly, or in groups of several. The dimensions of the cells in these 
structural units were somewhat greater than 25 microns. Within 
some of these alveolar units there was very little supporting stroma, 
but in others there was more, these transitions passing gradually 
into tissues with considerable stroma (Fig. 2), in which the cells 
were separated from each other by narrow fibrils or bands of con- 
nective tissue. Special mention should be made of large cells, as 
much as 50 to 60 microns in maximum diameter, with neutrophilic, 
granular, and vacuolated cytoplasm, and with one or several large, 
vesicular nuclei or a single, coarsely lobed, crescentic nucleus as in 
a megakaryocyte. Among the cells were many in mitosis. 

Primary Tumor: In portions of the primary tumor examined 
(Fig. 3), the stroma was abundant and there were only small masses 
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of cells arranged in mosaics. Here, too, were many necrotic places, 
but especially numerous were the large cells of the megakaryocyte 
(Fig. 4) variety. 

Lung Metastasis: The small mass in the lung was histologically 
the same as the tumor tissue of the lymph node. 

Oxidase Granules: Frozen sections of formalin-fixed material 
(lymph node metastases) were stained for oxidase granules by the 
Graham’s benzidine method ? for tissues. In the tumor tissue there 
were many cells filled with mahogany-brown granules. The large 
myeloblastic cells contained none, or only a few. 

Other Examinations: Histological examination of lymph nodes 
(2) along the greater curvature of the stomach, parabronchial 
lymph nodes (2), mesenteric lymph nodes (2), biliary lymph nodes 
(3), left axillary lymph nodes (2), right submaxillary lymph node, 
tracheal lymph nodes, right and left superficial cervical lymph 
nodes, periesophageal lymph nodes, and of the tonsils, seminal 
vesicles, suprarenal glands, myocardium, diaphragm, aorta, gall- 
bladder, esophagus, parotid gland (3), epididymides, stomach, lungs, 
liver, kidney, spleen, submaxillary salivary glands, pancreas, testes, 
thyroid gland, root of the tongue, prostate, urinary bladder, small 
and large bowel, failed to disclose tumor tissue, or other unusual 
changes. 


DIscussION 


There is little doubt that the growth in the head is myeloblastic 
tissue, a conclusion that is logical because of the presence of mye- 
loblasts, eosinophilic myelocytes, megakaryocytes, and erythro- 
blasts. It has the properties of a malignant tumor as shown by the 
local extensive destructive growth and the occurrence of secondary 
growths in the cervical lymph nodes and in the right lung. 

Borst * described malignant tumors which contain immature pre- 
cursors of myelocytes, leucocytes, and megakaryocytes as myelo- 
blastic sarcomas (myeloma sarcomatodes). Usually there is only 
one cell form represented; rarely, the particular malignant tumor 
simulates the entire bone marrow with its different forms in an atypi- 
cal, incomplete way. Froboese ‘ studied an infiltrative and destruc- 
tive tumor of the sternum that contained erythroblasts, erythro- 
cytes, myeloblasts, and myelocytes, with all their antecedent and 
intermediate forms. He regarded the growth as one of multiple 
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myelomas and stated that although certain myelomas are accom- 
panied by visceral metastases most of them are not, and that no one 
because of its expansive growth is to be interpreted as malignant in 
the usual sense. Wallgren’s® extensive review of myelomas cites 
many accounts of visceral growths with multiple myelomas, al- 
though Wallgren himself agrees with the general conclusions stated 
by Froboese. Ribbert ® in 1904 described a sarcoma of the head with 
metastases to the spine, which by postmortem examination proved 
to bea myeloma. The right orbit was invaded extensively, and other 
nodules were discovered in the ribs and spine. He found cells in the 
tumors, like erythrocytes, and other cells transitional between 
erythrocytes and colorless tumor cells. The report by Roman’ 
described two patients with multiple malignant tumors of the bones, 
composed of myeloid tissues and accompanied by widespread metas- 
tases of the lymph nodes. He mentions four other reports which he 
regarded as similar. Another account by Herscher and Thevenard ® 
described two large tumor masses of the skull and another of the 
sternum. The cells of these resembled myeloblasts, myelocyte pre- 
cursors, and megakaryocytes. 


SUMMARY 


A large myeloblastic sarcoma of the skull with metastases into 
the right and left deep cervical lymph nodes and into the right lung 
is described in this report. 

The tumor and its metastases contained cells that resembled 
cellular components of the bone marrow. 
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DESCRIPTION OF PLATES 


PLATE 61 


Fic. 1. Photomicrograph of a lymph node metastasis to illustrate the mosaic 
arrangement of the tumor cells. x 254. 


Fic. 2. Photomicrograph of a lymph node metastasis in portions with consider- 
able fibrous stroma. X 254. 
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PLATE 62 


Fic. 3. Photomicrograph of the cranial tumor tissues in which there were many 
cells of the megakaryocyte variety. X 254. 


Fic. 4. Camera lucida drawing of several of the large multinucleated cells in 
the primary tumor. 
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TERATOMA OF THE NECK * 


O. M.D, 


(From the Departments of Pathology of Western Reserve Medical School and the 
Cleveland City Hospital, Cleveland, Ohio) 


Teratoma of the neck is rare and deserves a detailed study. A 
case of this type, on which an autopsy was performed at the City 
Hospital of Cleveland, served as the basis of this study. 

In a review of the literature on this subject it is somewhat difficult 
to decide whether certain reported cases of so-called teratoma of the 
neck are true teratomas or not. This is especially true of cases which 
were reported at a time when the use of the microscope was not yet 
a routine procedure. There are cases classified as teratoma which 
either were not satisfactorily studied or showed only derivatives of 
one or two germinal layers and therefore do not deserve to be so 
classified. We, therefore, thought it wise to differentiate strictly 
between teratoma and tumors which possibly might be teratoma, but 
might be only mixed tumors, and should not go into the literature 
as true teratomas. Most of these tumors are in close relation to the 
thyroid. The absence or presence of the thyroid gland determines 
whether such a tumor shall be called teratoma of the neck or tera- 
toma of the thyroid. If the thyroid gland is absent, the tumor is 
called a teratoma of the thyroid. If the thyroid gland is present, it 
is called a teratoma of the neck. 

The first case of teratoma of the neck described was that of Grass 
in 1691. This was a tumor of the neck of a woman and was classified 
as a fetus. Joube, in 1759, described a tumor of the neck which con- 
tained cartilage and bone. This tumor was supplied by branches of 
the left carotid artery. Morand, in 1776, found hair and intestines 
in a tumor of the neck. A more detailed description is found in the 
article of Bury, who, in 1834, published the case of a still-born child 
with a tumor of the scalp, face and neck. The tumor was called an 
imperfect fetus containing amniotic fluid, skin, hair and bones. 

The earliest four cases, usually accepted as teratoma of the neck, 
in our opinion do not deserve to be classified as such, even though 
there is not much doubt about their true nature. The lack of more 
detailed study prevents us from classifying them as teratoma. 


* Received for publication March 21, 1929. 
313 


» 
: 
t 
; 


314 SAPHIR 


Table I gives the cases of teratoma of the neck; it gives the name 
of the author, the year of publication, the age and sex of the patient. 
It further states whether or not the thyroid gland is present in these 


I 
Year of Thy- Brain 
Author Age Sex Remarks 
1886} SB nr. | ab. | nr. 
Schimmelbusch....... 1894] NB M |pr. | mr. 
1895| SB M | pr. 
1896] go wks. |M jn.r. | pr. | Metastasis in lymph 
nodes 
1896} 8 da. F pr. |pr 
1896} NB nr. | n.r. | pr. 
cS Serer 1902| Fetus |n.r. |n.r. | pr. | Was called cystadeno- 
8 mos. enchondrosarcoma 

1903} Imo. |F nr. | nr. 
1904) 14da. | nr. | mr. 
1905} 2mos. |M | pr. 
Flesch and Winternitz .| 1905} a. 8 mos. | F pr. | pr. 

b. 2 mos. | F pr. | nr. 
1906] 4 da. M | pr. 
1908] 53 yrs.|F |pr. | pr. | Sarcoma with metastasis 

in lung 

1908] 6 mos. |n.r. | | pr. 
1909} SB F pr. | pr. 
Kimura Kuniza....... 1910} NB F ab. | pr. 
1911} NB M jab. | pr. 
Russell and Kennedy ..| 1913] nr. F pr. | pr. 
1914] 9 wks. |M |pr. | pr. 
1915} NB nmr. | pr. | pr. 
1916} n.r. (nz. pe. 
ey 1920| 41 yrs. | F pr. |n.r. | Sarcomatous structures 
mr. M |pr. | pr. 
I922| 2 da. M |nr. | pr. 
......... 1925) 6 wks. | F pr. | pr. 
1925| NB F pr. | pr. 
1926} 3 da. F pr. | pr. 
Lecéne and Mouchet ..} 1928) a. 7 yrs. | F pr. | pr. 

b.2 yrs. |M |pr. | pr. 


Abbreviations: NB = newborn; SB = stillborn; da. = days; wks. = weeks; mos. = months; yr. = 
year; M = male; F = female; pr. = present; ab. = absent; n.r. = no reference. 
cases and shows whether or not the teratoma contains brain tissue. 
All cases hitherto reported occurred in white individuals. 
Hérdemann, without giving references, has stated that thirty- 
one cases of teratoma of the neck had been reported up to 1925. 
Since Hérdemann’s publication four more cases have been reported, 
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yet we have found only thirty-one cases reported which, as far as we 
can judge, are to be considered true teratoma of the neck. All tera- 
tomas of the neck hitherto reported occurred in Europeans, and, with 
the exception of Herb’s case, have been reported in European litera- 
ture. The material for Herb’s report in the American literature was 
obtained in a hospital in Prague. 

Table II shows the cases of tumors of the neck which are not 
proved teratomas but which, by some authors, have been included 
as teratoma of the neck. 


TaBLe II 
Author Remarks 
1852 | Cysts, and cross-striated muscle. 
1868 | Cysts, cartilage, cross-striated muscle. 
« 1871 | Cartilage, bone. 
1876 | Cysts, cartilage. 
1881 | Chondroma mixtum. 
1888 | Glands, cartilage, cross-striated muscle. 
Burghagen.......... 1888 | Follicles with colloid, cartilage. 
| EE ee 1892 | Cysts, cartilage, bone, glandular structures. 
Recklinghausen...... 1893 | Enchondroma, glandular structures, cysts. 


According to the literature the teratoma of this region seems espe- 
cially characterized by the presence of brain tissue. Hess was the 
first to lay stress upon this point. Almost every case reported since 
1895 shows glia tissue or ganglion cells as a predominating feature 
of teratoma in this region. 


CASE REPORT 


A colored woman was admitted to the hospital with the diagnosis 
of toxemia of pregnancy. The delivery did not prove difficult but 
the child was born dead. The child, the subject of this report, was 
a well developed, mature, still-born, colored girl. She measured 
47 cm. in length and weighed 4 kg. In the region of the neck there 
was a large asymmetrical mass extending across the neck on both 
sides of the midline, and reaching the angle of the mandible on the 
left side. The mass measured 3 by 5 by 11 cm. in diameter and was 
of varying consistency. In parts, the tissue was very soft, almost 
fluctuant, but in other portions it was very firm and nodular. The 
firm portions measured about 0.5 to 1.5 cm. in diameter in cross- 
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section. The skin over the mass was easily removable. The sterno- 
cleidomastoid muscles extended over it on both sides. Section 
showed it to be encapsulated, the capsule containing many hypere- 
mic vessels. The tumor was situated just above the trachea, which 
showed no signs of compression. A careful search failed to reveal 
any evidence of the presence of thyroid gland, although the neoplasm 
was supplied by branches of the superior thyroid arteries. 

On section, the fresh surface of the bulk of the neoplasm was 
grayish white and mucoid in appearance. The tissue was very soft 
and diffluent, and the capsule retracted. A few portions were red- 
dish gray and of firmer consistency, while other more or less well 
circumscribed nodules were of a very firm, bony consistency. Other 
parts showed several cysts which were filled with a clear, pale yellow 
liquid. These cysts measured 0.5 to 1.5 cm. in diameter and had 
smooth, thin walls. 

With the exception of complete atelectasis of both lungs, the re- 
mainder of the organs showed no pathological changes. 

Blocks were taken from various parts of the tumor, hardened in 
1o per cent formalin and embedded in paraffin. Sections were 
stained with hematoxylin and eosin and by the Van Gieson method. - 
Mallory’s phosphotungstic acid hematoxylin stain was used to dem- 
onstrate glia fibers and Bielschowsky’s method was applied for 
identification of nerve fibers. .. 

Most of the sections showed areas consisting of a network of fine 
fibers which were well stained with Mallory’s phosphotungstic acid 
stain. Between the fibers two types of cells were seen. The smaller 
cells were deeply stained, showed hardly any cytoplasm, and some- 
what resembled lymphocytes. The larger cells had a more or less 
centrally situated nucleus with distinctly recognizable chromatin 
network and nucleolus. By the use of the eosin-methylene blue 
stain it was shown that the cytoplasm contained coarse granules or 
groups of granules, presumably Nissl bodies. Some of these cells 
showed protoplasmatic elongations. Blood vessels were abundant 
in these regions. In short, this type of tissue is identical with brain 
tissue described recently by Custer in such tumors. The morphology 
of the large cells, the presence of granules in the cytoplasm and the 
protoplasmatic processes indicate that these cells are ganglion cells. 

One section showed in a circumscribed area a very dark brown 
pigment which surrounded a small lumen. Poult, Hunziker, Custer 
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and others suggest that similar pigment found in their cases might 
possibly be choroidal in origin. 

In other fields connective tissue fibers were demonstrable which 
in some portions were spread apart by a mucoid material containing 
stellate cells. Some of the sections showed many transversely stri- 
ated muscle fibers. Most of these muscle fibers contained a cen- 
trally situated nucleus but nuclei in the periphery of the sacroplasm 
and nuclei situated half way between the periphery and centrum of 
the sacroplasm of the muscle fibers were noted too. Other sections 
showed a large number of smooth muscle fibers. Young hyaline 
cartilage with very many nuclei were present in some fields and in 
only a few areas was well developed bone demonstrable. In some of 
the sections there was fat tissue. 

In a great number of sections cysts were found. The majority of 
these cysts were lined by one layer of high cylindrical cells, but some 
were lined by squamous cells. A few cysts showed a very abrupt 
transition from this type of lining cylindrical cells to squamous cells. 
Some of the cysts had a papilliferous proliferation of the lining cells 
into the lumen. Transition from this type of lining cells to squamous 
cells was also demonstrable. Some of the cysts were surrounded by 
bands of smooth muscle fibers. Only a few sections contained small 
acini with empty lumina lined by one or two layers of cuboidal cells. 
There is no definite indication to warrant the assumption that these 
acini were parts of thyroid structures. 

Several sections showed what appeared to be blood islands. The 
cells were principally mononuclears but of variable character. In one 
area they were associated with elongated endothelial cells. Stained 
with eosin-methylene blue, they were small cells with dense nuclei 
and scanty, faintly stained, non-granular acidophilic cytoplasm, ap- 
parently nucleated erythroyctes. Lymphoid types were character- 
istic. Larger cells showed a coarsely vesicular indented nucleus. In 
some of these the cytoplasm was filled with eosinophilic granules of 
uniform size. In others the cytoplasm was basophilic but not granu- 
lar. The blood in blood vessels was normal in all respects. 

Hair follicles, sebaceous and sweat glands were present in a few 
slides. 

Summarizing the histological findings, the following tissues were 
found: 
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1. Brain tissue, which is the predominating part of the tumor, and 
ganglion cells. 

2. Cysts lined by squamous cells; hair follicles; sebaceous and 

sweat glands. 

Connective tissue. 

Smooth and cross-striated muscle fibers. 

Hyaline cartilage and a small amount of bone. 

Fat tissue. 

Blood islands (?). 

Cysts lined by cylindrical cells; papilliferous cysts. Cysts lined 

by cylindrical cells with abrupt transition into squamous cells. 
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DISCUSSION 


Our tumor is a true teratoma showing derivatives of the three 
germinal layers. As in other cases, the predominating part is brain 
tissue. The location of the tumor, the vascular supply, and finally 
the absence of the thyroid gland suggest at first that we are dealing 
with a teratoma of the thyroid. But it is impossible to say whether 
the tumor arose close to the thyroid gland and merely occupies its 
place, after atrophy and final disappearance of the gland, or whether 
the tumor is a teratoma of the thyroid itself. Although most 
teratomas of the neck show at least parts of the thyroid gland, 
and ours does not, yet we are rather inclined to believe that our 
tumor is not a teratoma of the thyroid itself but originated in the 
neighborhood of this gland. 

The age of our patient corresponds with the others reported. 
Most of the cases reported are in still-born or newborn infants. Only 
a few are in children several months old. There are only two cases 
on record of teratoma of the neck in adults. The first one is the case 
of Lurje, who found a teratoma of the neck in a 53 year-old woman. 
This tumor showed sarcomatous changes and produced metastasis 
in the lungs. The second case reported by Fritsche, is one of a 
malignant teratoma of the region of the thyroid. These tumors 
correspond histologically with the teratoma of infancy, save for the 
sarcomatous changes. It is interesting that the only two cases of 
teratoma of the neck in adults on record showed malignant changes. 

All the teratoma of this region so far reported were found in the 
white race. This is the first case in which such a tumor is reported 
in a negro. 
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As to the genesis of the teratoma of our case, our study does not 
contribute any definite facts. Without going into details of the 
origin of teratoma, we shall mention only the more recent hypothesis 
of Budde, which best seems to explain the origin of our tumor. Ac- 
cording to Budde, teratomas originate from complexes of cells arising 
from the symmetrically fusing blastopore, the matrix of the cellular 
material of the three germinal layers. Since the blastopore extends 
through the entire length of the “Anlage,” Budde believes that 
this hypothesis serves to provide a uniform monogerminal autoch- 
thonous derivation of teratoma of the various regions. According 
to the degree of differentiation he classifies teratomas into embryo- 
morphous and embryoid teratoma. The embryomorphous is the so- 
called inclusio-fetalis which he suggests should be called ‘‘inclusio- 
fetiformis.”” The embryoid type is characterized by a disorderly 
arrangement of derivatives of the three germinal layers. 

Our tumor, according to Budde, is an embryoid teratoma. 

Askanazy classifies teratomas into embryonal forms with tissues 
which are younger than those of the host, and into coetaneous forms 
in which the tissue is of the same relative age. Our tumor shows 
well differentiated glia fibers, cross-striated muscle fibers, etc. It 
therefore should be classified as coetaneous teratoma. 


SUMMARY 


The literature of teratoma of the neck is reviewed and a new case 
reported. This is a case of a teratoma of the neck in the region of the 
thyroid in a still-born colored female. The main constituent of this 
tumor is brain tissue but derivatives of the three germinal layers are 
present. For the first time groups of cells resembling blood islands 
are described in this tumor. Even though the location suggests the 
thyroid gland as the origin it is more likely that the tumor arose in 
the neighborhood of this gland. The tumor is classified as an em- 
bryoid teratoma according to Budde, and as a coetaneous teratoma 
according to Askanazy. 


Note: I am indebted to Professor H. T. Karsner for his valuable 
suggestions and for his aid in taking the photomicrographs. 
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DESCRIPTION OF PLATES 


PLATE 63 


Fic. 1. Gross appearance of the body and the teratoma. 
Fic. 2. Bone. Hematoxylin-eosin stain. x 115. 
Fic. 3. Transversely striated muscle. Hematoxylin-eosin stain. x 600. 


Fic. 4. Abrupt transition of two types of epithelial cells. Hematoxylin-eosin 
stain. x 270. 
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PLATE 64 


Fic. 5. Cells resembling ganglion cells. Eosin-methylene blue stain. x 765. 


Fic. 6. Groups of cells resembling blood islands. Eosin-methylene blue stain. 
x 685. 
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THE VESSEL CANALS IN NORMAL AND PATHOLOGICAL BONE* 


Henry L. Jarre, M.D. 
(From the Pathological Laboratory, Hospital for Joint Diseases, New York, N. Y.) 


Blood and lymphatic vessels, if the latter are present in bone, 
extend through the bone substance in canals. The form and ar- 
rangement of these canals changes as the bone is transformed from 
the coarse-fibered, reticular bone of the embryo and infant, to the 
fine-fibered, lamellar bone.' The transformation in man is completed 
by about the fourth year and Heuler,? studying cross-sections of the 
human humerus and femur, found that by the eleventh year the 
adult form is reached and is maintained from then with little 
change. 


CANALS OF FETAL BONE 


To trace the origin of the canals of fetal bone, one must go back 
to the earliest stages of membrane and cartilage bone formation. 
On studying the ossification of the cartilaginous anlage of a tubular 
bone, thin laminae of bone are seen underneath the periosteum sur- 
rounding the middle of the diaphysis. With further development, 
the number and size of the periosteally formed trabeculae increase. 
The newly formed cortex of periosteal bone grows partly by the 
formation of additional osseous trabeculae on the surface, and partly 
by the enlargement of the trabeculae already formed. Vessels from 
the periosteum grow in between the trabeculae, and run toward 
the marrow cavity. These vessels are directed obliquely longitudi- 
nally and the spaces between the periosteal trabeculae constitute the 
primary haversian spaces, which are the first canals of fetal bone. 
These haversian spaces are rarely circular in cross-section, being 
generally somewhat flattened transversely. They communicate 
with the marrow cavity. The blood vessels contained within these 
canals may be seen extending from the periosteum into the marrow 
cavity (Figs. 1 and 2). 

In coarse-fibered embryonal and postembryonal bone, the vascu- 
lar spaces in the cortex are rather large. Their size and shape at 
this time vary with the part of the bone examined. In a tubular 
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bone the spaces of the cortex are larger the nearer they are to the 
epiphyseal cartilage plate, and in the middle of the shaft of the 
diaphysis, the spaces nearer the periosteum are larger (Fig. 3). 

The bone present between these vascular spaces is coarse-fibered 
or primary bone, for a description of which the reader is referred to 
another paper.' In the course of development, many of these primary 
canals under the periosteum become confluent through resorption 
of their walls and become longer, wider and more irregular. Shortly 
before and after birth, osteoblasts start to deposit lamellae of fine- 
fibered bone on the coarse-fibered walls of some of these spaces, 
which reduces their size considerably. 

In embryo or early infancy, canals are present in the cortex 
which connect the haversian canals with each other and with the 
marrow cavity. Many of these connecting canals have irregular 
walls and therefore have been designated by some authors as Volk- 
mann’s canals. But this designation is incorrect. 

The canals in the epiphyses are not related to the true canals of 
fetal or adult bone but are mentioned for the sake of completeness. 
These cartilage canals carry vessels for the nutrition of the cartilage 
of the epiphyses. They are present in the cartilaginous epiphyses 
of the larger tubular bones by the third month. This is long before 
the appearance of ossification centers in them. By the seventh 
month all the larger epiphyseal cartilages show a rich network of 
cartilage canals. The general arrangement of the cartilage canals 
corresponds in a great degree with the arrangement of the marrow 
spaces of the finished bone that replaces the epiphysis. Most of 
the cartilage canals enter the cartilage nearly vertical to the surface 
and run inward, generally toward the site of the future bone nucleus. 
When the epiphysis is replaced by bone, these canals disappear. 


CANALS OF ADULT BONE 


With the continued postnatal growth of bone and the transforma- 
tion of fetal bone into adult bone, the entire canal system of the 
cortex is reconstructed many times before the adult form is attained. 
In adult bone, the system of canals consists of the haversian canals, 
which are the canals of the haversian systems, the canals of the 
ground lamellae, the communicating canals which connect the haver- 
sian systems, and the Volkmann’s canals, few of which are seen in 
normal bone. 
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Haversian Canals: These canals run longitudinally, as a rule, and 
are best studied in the cortex of long bones. They are distinguished 
by the concentric lamellae which surround them. They contain 
the haversian vessels and together with the concentric lamellae, 
form the haversian systems. The larger haversian canals may also 
contain some lymphoid marrow. They may be grossly demonstrated 
by breaking across the shaft of a long bone near its middle, and ex- 
amining it with a magnifying glass. Numerous little apertures are 
then visible on the broken surface, which are the openings of these 
passages running in the compacta (Fig. 4). In man the canals are 
from 25 to 125 microns in diameter, but larger ones are also seen. 
The average size is about 50 microns. In normal bone the widest 
canals are those nearest the medullary cavity. The diameter of 
these canals is less in the rat, guinea pig, rabbit and dog than in 
man. 

While these canals run longitudinally, they do not run vertically 
for more than short distances, soon deviating from the straight line. 
The canals, as seen in a longitudinal section or ground disc of the 
cortex, appear as a continuous anastomosing and ramifying net- 
work. These canals may extend for one or more millimeters before 
giving off lateral branches, which may come off almost at right 
angles, obliquely, or may arch to communicate with an adjacent 
haversian canal. Sometimes one lateral canal is given off, while at 
other times several closely placed lateral canals come off from the 
haversian canal. Between two main lateral branches the diameter 
of the haversian canal is usually uniform, but after giving off a 
lateral branch, the diameter may be reduced or increased. The 
haversian canal may run from a few millimeters to a centimeter or 
more and then terminate by communicating with an adjacent 
haversian canal, or it may end in the form of a communicating 
canal (Fig. 5). The communicating canals between the haversian 
canals have been wrongly referred to by many as Volkmann’s canals. 
With a few exceptions, these canals are to be viewed as true branches 
of the haversian canals, and as such they have been formed by the 
deposition of lamellar bone about preformed vessels which are 
branches of the vessels within the haversian canals. The lamellae 
of the communicating canals are generally rounded upwards against 
the vessel or, turning upward, accompany the vessel within the com- 
municating canal for a short distance as its special lamellae (Fig. 6). 
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In normal bone there are a few communicating canals of the type 
described by Volkmann. These canals will be discussed later. 

The haversian canals of the compacta become fewer as we proceed 
towards the extremities of a tubular bone. Beneath the articular 
cartilage at the upper or lower end of a bone, a longitudinal section 
discloses a number of haversian canals in cross-section, which means 
that in this region the canals have changed their direction and run 
transversely to the long diameter of the bone. 

The haversian canals near the surface of the bone communicate 
with the canals of the ground lamellae which open on the external 
surface of the bone, and the innermost canals lead into the medullary 
cavity. In longitudinal sections of bone we have been unable to find 
more than an occasional haversian canal from the cortex entering 
the spongy trabeculae. 

Some of the larger spongy trabeculae contain haversian canals. 
A longitudinal section through spongy bone illustrates that most of 
these canals run transversely to the long axis of the bone. These 
canals of the spongy trabeculae connect with the marrow spaces by 
means of short, narrow communicating canals, which are cut through 
their long axis in a longitudinal section of the bone (Fig. 7). 

Canals of the Ground Lamellae: The canals in the ground lamellae 
vary strikingly, depending upon the bone examined. In certain 
bones, the inner and outer ground lamellae are very few in number 
and therefore few canals are present. In animals like the rat and 
guinea pig, where the ground lamellae are developed to a great 
degree, a relatively large number of such canals is seen. The canals 
of the external ground lamellae, when present, are a means of con- 
necting the haversian canals with the periosteal vessels, and the 
vessels of the internal ground lamellae connect the haversian vessels 
with the marrow cavity. The canals in the ground lamellae are of 
two kinds, running either circumferentially or radially across the 
ground lamellae. These canals are not surrounded by concentric 
lamellae and they are not very long. Their walls are fairly smooth. 

Those canals that run circumferentially are spaces produced by 
the separation of two ground lamellae. They are narrow, and small 
vessels are inserted in them. The ground lamellae bordering the 
canal, without changing their direction, carry the vessel along be- 
tween them, expanding to conform with the changes in the caliber 
of the vessel. These are the less important canals. In resorptive 


VESSEL CANALS IN BONE 327 
processes in bone they become prominent. I believe that these 
canals are formed by flattening down of the original haversian spaces 
on the surface of the bone and the deposition of additional periosteal 
ground lamellae on them (Fig. 8). 

The canals of the other type cross the ground lamellae radially. 
They appear to be perforating the ground lamellae, but actually 
they do not, for the ground lamellae were deposited about them. 
Their length depends on the thickness of the ground lamellae, which 
varies in species and in individual bones (Fig. 9). 

Schwalbe, when he described the canals of the ground lamellae, 
believed that they were Volkmann’s canals and in the textbooks 
of histology they are designated as such, but this designation is 
incorrect. These canals communicate with the haversian canals, 
some open on the surface of the bone and some into the marrow 
cavity. 

The canals of the ground lamellae may be obliterated by the 
deposition of bone around them, as takes place particularly in those 
that run circumferentially. The lumen may be enlarged by resorp- 
tion, in which case lamellae are deposited around the vessel and a 
typical haversian canal and typical haversian system may then be 
formed. 

Volkmann’s Canals: Volkmann‘ in 1862 described numerous 
vessel canals in the cortex of diseased bone, which differed from 
normal haversian canals in size, arrangement and vessel content. 
The number of these canals varied from a few to many, depending 
upon the bone. These canals had irregular toothed borders, were 
narrow, but of varying caliber. They were not surrounded by con- 
centric lamellae, but broke through the lamellae surrounding the 
existing blood vessels. Their course was irregular, being generally 
horizontal but sometimes diagonal or longitudinal, and sometimes 
they extended snake-like through the entire thickness of the cortex. 
These canals have come to be known as Volkmann’s canals. 

Under the name of haversian spaces, Tomes and De Morgan ® in 
1853 described the same structures in normal bone, the descriptions 
being almost exactly like those of Volkmann. After Volkmann’s 
original paper, he and Ebner ° noted the presence of such canals in 
normal bone. Volkmann first described these canals in a case of 
osteomyelitis of a metatarsal bone of an old man. The haversian 
canals of the bone were considerably widened, appearing like irregu- 
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lar marrow spaces, and contained enlarged vessels and considerable 
connective tissue. Connecting the enlarged haversian canals were 
numerous newly formed Volkmann’s canals, which traversed the 
compacta in tangential and radial direction. 

We studied these canals in osteoporosis and osteomyelitis. In its 
earliest form, a Volkmann canal appears as a short, irregular, fine 
crack in the ground substance, radiating from the haversian canal, 
and several of them may be seen coming off from one haversian 
canal. The appearance of the thread-like cracks in the ground 
substance is associated with the loss of calcium along the path of the 
crack. The crack rapidly enlarges and grows in length, and gradu- 
ally increases in width, beginning at the base which is at the haver- 
sian canal. An elongated, triangular passage is thus produced. The 
borders of the canal at this stage are irregular and toothed, and the 
canal becomes vascularized, but the vessel is preceded, as Pommer? 
pointed out, by some connective tissue, which seems to play a part 
in opening the crack. As the Volkmann canal grows wider, the 
toothed contour recedes, and spaces approximately as wide as a 
normal haversian canal appear (Figs. 10, 11 and 12). 

The distinguishing difference between a haversian and a Volkmann 
canal is that the former results from a concentric deposition of bone 
lamellae about a preéxisting blood vessel; the latter results from a 
canalization of fully formed bone by new vessels which break through 
the existing lamellae tangentially, obliquely, or at right angles to 
the long axis of the bone. 

Soon after Volkmann’s descriptions appeared, these canals were 
observed by other pathologic-anatomists, and controversies arose 
concerning their mode of origin. Volkmann believed that they re- 
sulted from the disintegration of the bone ground substance and 
that bone lacunae and canaliculi rarely played a part in their pro- 
duction. Occasionally lacunae might be seen opening on a canal, but 
this happened only when a lacuna lay in its path. 

Rindfleisch * derived Volkmann’s canals from the anastomoses 
of enlarged bone lacunae and his conclusions were sustained by 
Soloweitschik,® Lossen,!° and Thierfelder. Kassowitz and Heitz- 
man ™ believed that they resulted from enlargement of canaliculi. 
These views of the origin of the canals have been abandoned. 

In 1885 Pommer observed these canals in osteomalacic and ra- 
chitic bones and interpreted true Volkmann’s canals as due to the 
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perforation of formed bone by protoplasmic masses, containing a few 
nuclei, which grow into the bone from the haversian canal and re- 
sorb it. The canal is finally occupied by a blood vessel. Pommer at 
that time agreed with Volkmann and Ebner that all such canals are 
newly formed canals, but his explanation of the method of their 
formation was his own. Recently Pommer™ and his student, 
Miiller,!° again emphasized the distinctions which Pommer had 
previously made between true and false Volkmann’s canals. They 
consider a canal a true Volkmann canal if a new vascular channel, 
having a funnel-like head and containing a protoplasmic mass, 
grows through fully formed bone. Unless a canal shows these last 
two qualities, it is not a true Volkmann or perforating canal, even if 
its course is irregular and its borders are toothed. They state that 
most of the canals in bone designated as Volkmann canals, are false 
Volkmann canals, that is, they are not secondarily formed canals 
in bone. 

Confusion in the Literature Concerning Volkmann’s Canals: It 
would not be necessary to discuss these canals in such detail if the 
literature were not so confused as to which canals in normal lamellar 
bone are Volkmann’s canals, and as to how these canals are formed. 
The question also arises as to whether certain canals in fetal bone, 
designated as Volkmann’s canals, should be included under this 
group, since the original descriptions concerned lamellar bone only. 

Let us inquire into the existence of such canals in mature normal 
lamellar bone. Soon after Volkmann’s paper appeared, Schwalbe 
described the canals of the ground lamellae, and misnamed them 
Volkmann’s canals. As has been stated, he considered these canals 
as resulting from the deposition of bone around preéxisting vessels. 
Koelliker '° agreed with Schwalbe concerning the mode of origin of 
these canals and also designated them as Volkmann’s or perforating 
canals. In textbooks of histology, the cross canals of the ground 
lamellae are incorrectly called Volkmann’s canals, and Schwalbe and 
Koelliker are responsible for this erroneous terminology. These 
canals have none of the characteristics of those which Volkmann 
described, and which bear his name. 

In 1911 Axhausen ” published a paper dealing with the Volk- 
mann’s canals but he studied only the anastomoses which connect 
the haversian canals of the middle compacta. These canals run 
transversely or diagonally to the long axis of the haversian canals. 


330 JAFFE 


According to him these canals arise by the deposition of bone around 
preéxisting vessels during bone formation, and generally the only 
difference between them and haversian canals, is that bone is de- 
posited around the haversian canals concentrically. He believed 
that these communicating canals were Volkmann’s canals. He 
described three types of canals. In the first type the canals have 
ragged bone edges. In the second type, the lamellae, as they are 
deposited about the preformed vessels, are rounded upward against 
the vessel. In the third type a few of the lamellae, turning upward, 
accompany the vessels a certain distance, as their special lamellae. 
Under the heading of haversian canals, I described these communi- 
cating canals and pointed out that Types 2 and 3 were an intimate 
part of the haversian canal system. These communicating canals 
cannot be termed Volkmann canals. Only the canals of Type 1 
are true Volkmann canals. Weidenreich,'* too, believes that only 
the canals of Type 1 result from resorption of bone by new-formed 
vessels. If this were not so, lamellae would have been deposited 
about the vessels of Type 1 as they were around the vessels of 
Types 2 and 3. 

Recently Zawisch-Ossenitz,!®, working under Schaffer, studied the 
formation of the communicating canals mostly in fetal bone, and 
the bones of infants up to two years, but also in some bones of adults. 
Irrespective of the type of bone, she says that a vessel canal must 
be regarded as a Volkmann canal when its course is vertical or 
diagonal to the direction of the lamellae, and when its borders are 
jagged, with bone lacunae opening on them. Pommer claims that 
the fetal and postnatal material which she used was not suitable to 
prove conclusively that all Volkmann canals are due to a vasculari- 
zation of the bone by new vessels. In her material new vasculariza- 
tion was constantly taking place, and everyone agrees that in such 
bone, new vessels are constantly perforating the bone. The canals 
she described in fetal bone cannot be designated Volkmann’s canals, 
for the latter were described in lamellar bone only. 

What Should be Included in the Term Volkmann Canals? Volk- 
mann originally reported on the formation of numerous new vessel 
canals in bone in cases of inflammatory osteoporosis, caries and ostei- 
tis, and the presence of a few such canals in normal bone. If the 
term Volkmann canal is used exclusively to designate the structure 
described by him, then his original conception, that the canals 
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result from the canalization of adult bone by newly formed vessels, 
is correct. As soon as we use the term to designate such canals as 
Schwalbe described in ground lamellae, or Axhausen in the middle 
portion of the compacta, or Schaffer and his co-workers in fetal bone 
and the bone of the newborn, we are applying the same name to dif- 
ferent structures. In normal bone the canals (other than the haver- 
sian canals and the canals of the ground lamellae) which have re- 
sulted from the deposition of bone around preformed vessels, and thus 
are surrounded by lamellae, should be termed communicating vessel 
canals. These include most of the canals which join the haversian 
canals. This type predominates. The canals which have resulted 
from the resorption of formed bone by newly formed vessels, exem- 
plified by those which have ragged borders and no lamellae, are the 
only canals which correspond with those originally described by 
Volkmann, and may be called Volkmann’s canals. In normal 
lamellar bone they are very few in number. 
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DESCRIPTION OF PLATES 


PLATE 65 


Fic. 1. Part of a longitudinal section of the diaphysis of the tibia of a 3-month 
human fetus. On the right the periosteum is seen, underneath which are 
several periosteal trabeculae. Between two trabeculae, an obliquely longi- 
tudinal haversian space containing a vessel is seen extending from the peri- 
osteum to the marrow cavity. Paraffin section, decalcified in Miiller’s 
solution and stained with eosin and methylene blue. 


Fic. 2. A cross-section through the upper end of the diaphysis of a 6-month 
human fetus showing the flattened character of the haversian spaces in 
cross-section. Paraffin section, decalcified in 5 per cent nitric acid and 
stained with hematoxylin and eosin. 


Fic. 3. Part of a cross-section of the diaphysis of a long bone of a 12-week 
infant, showing the periosteum above, with the subjacent large haversian 
spaces and the deeper haversian canals, some of which are already sur- 
rounded by a few concentric lamellae. Unstained frozen section decalcified 
in von Ebner’s solution. 


Fic. 4. Diagrammatic representation of a longitudinal view of a bone, showing 
both compacta and spongiosa. The cortex on the right shows the outer 
ground lamellae, with some Sharpey fibers penetrating them. The haver- 
sian systems are illustrated and the longitudinally directed haversian canals 
connected by the communicating canals are shown. After Braus. 
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PLATE 66 


Fic. 5. A longitudinal section of cortical bone showing the anastomosing and 
branching haversian canals. The communicating canals between the haver- 
sian canals are demonstrated. Unstained ground disc. 


Fic. 6. Part of a cross-section of the cortex showing the haversian canals, and 
in the upper portion of the picture an haversian canal anastomosing with 
two adjacent haversian canals by means of two communicating canals. 
Unstained ground disc mounted in balsam. 


Fic. 7. Thick, spongy trabeculae from a longitudinal section of a short tubular 
bone of an adult, showing some haversian canals in cross-section. The 
canals that connect them with the marrow spaces are cut through their 
longitudinal diameter. 


Fic. 8. Section of cortex of a long bone of a dog showing a circumferential 
canal on the right in the ground lamellae, which is very much widened be- 
cause the animal was suffering from osteoporosis. On the left, the haversian 
systems are seen. Unstained frozen section. 
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PLATE 67 


Fic. go. A cross-section through the tibia of a rat. The compacta is composed 


almost entirely of ground lamellae and numerous radially directed canals 
of the ground lamellae are seen. Above, one canal is seen entering from 
the periosteum. 


. Ic. Cross-section of human adult cortical bone from a case of osteomye- 


litis, showing enlarged haversian canals from one of which several trans- 
verse, newly formed, perforating canals of Volkmann are seen, some of 
which join other haversian canals. Unstained frozen section. 


. 11. Cross-section of the tibia of a dog suffering from osteoporosis. A 


toothed Volkmann canal is seen connecting two enlarged haversian canals. 
Unstained frozen section. 


. 12. Cross-section of the cortex of human bone from a case of osteomye- 


litis showing enlarged haversian canals. Two communicating canals are 
seen in the middle of the picture with the lamellae rounded up against 
them. They correspond to the canals of Types 2 and 3 as described by 
Axhausen. Unstained frozen section. 
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